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The Great Lakes Water Quality Board hereby submits its 1989 report to the International Joint
l
Commission on the operation and effectiveness of programs developed and implemented to achieve the
purpose of the Great Lakes Water Quality Agreement.
i
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The amended Great Lakes Water Quality Agreement commits the Parties, in cooperation with state
and provincial governments, to develop and implement programs and other measures to restore and
maintain the integrity of the waters of the Great Lakes Basin Ecosystem. Article VII, Section 1 directs
the International Joint Commission to “assist in the implementation of [the] Agreement.” This includes
the "tendering of advice and recommendations to the Parties and to the State and Provincial Govem-
ments on problems of and matters related to the quality of the boundary waters of the Great Lakes
System including specific recommendations concerning the General and Specific Objectives, legislation,
standards and other regulatory requirements, programs and other measures, and intergovernmental
agreements relating to the quality ofthese waters.”
Article VII, Section 3 also charges the Commission to "make a full report no less frequently than
biennially concerning progress toward the achievement of the General and Specific Objectives including,
as appropriate, matters related to Annexes to [the] Agreement. [The] report shall include an assessment
of the effectiveness of the programs and other measures undertaken pursuant to [the] Agreement, and
advice and recommendations.”
The Water Quality Board is the principal advisor to the Commission. Its terms of reference call for
the Board to:
0 Make recommendations on the development and implementation of programs to achieve the
purpose of [the] Agreement.
0 Assemble and evaluate information evolving from such programs.
0 Identify deficiencies in the scope and funding of such programs and evaluate the adequacy
and compatibility of results.
0 Examine the appropriateness of such programs in the light of present and future socio-
economic imperatives.
0 Advise the Commission on the progress and effectiveness of such programs and submit
appropriate recommendations.
The Water Quality Board presents this 1989 Report, which contains advice to assist the Commis-
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assimilative capacity in the system.
The
nondegredation provisions of the Agreement should
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 REMEDIAL ACTION PLANS
Over the past two years, the Board has established a RAP review process, developed a set of
listing/ delisting criteria for Areas of Concern, and provided the Commission with the review of eight
RAPs. The Board is generally pleased with the evolution of the RAP process within each of the Great
Lakes states and Ontario. Successes include:
0 Enhanced communication and institutional cooperation.
0 Greater public awareness.
0 More emphasis on control of contaminants at the source.
0 Greater emphasis on remediation of contaminated sediments.
0 More financial and human resources being focused on Areas of Concern.
Some challenges of RAP implementation include:
0 Identifying responsibilities for remediation and increasing accountability.
0 Developing political and business support.
0 Moving forward with remediation, despite "imperfect" data bases.
0 Developing long-term funding mechanisms while sustaining public support.
Based on the reports of progress by the jurisdictions to develop and implement RAPs (see Appendix A)
and on its review of eight RAPs, the Board observes that:
0 It is taking longer than expected to develop RAPs, due to the complexity of the problems and
the solutions, and because of a commitment to public participation.
0 Public expectations are high.
0 Available resources are limited.
0 The evolution of RAPs toward integrated resource management is positive and consistent
with the ecosystem approach of the Agreement.
0 To sustain remedial efforts and maintain the momentum for remediation will require
building a record of success.
LAKEWIDE MANAGEMENT PLANS AND POINT SOURCES IMPACT ZONES
In contrast to RAPs,MS and PSIZs are in preliminary stages of development. The Commission,
before it can make recommendations to the Canadian and United States governments on LMPs, requires
a precise definition of LMPs from the Parties and how progress will be tracked. Under Annex 2, the
Parties are to identify, delineate, and report on PSIZs to the Commission beginning September 30, 1989.
STATE OF THE LAKES
NUTRIENTS
To provide a more succinct and coherent summary, phosphorus concentrations in the lakes are







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































adversely affected portions of the ecosystem.
In its 1981 Report, the Board concluded that, the requirements of the Agreement notwithstanding,
"there is no specific Great Lakes management strategy for directing the tOxic substances activities being
carried out by the jurisdictions ...” and that “this absence of program integration and coordination has
led to fragmentation of purpose, direction, and resources.” These conclusions were particularly
directed at persistent toxic substances.
In its Third Biennial Report in 1986, the Commission observed that many of the basic elements
needed for a strategy existedin the Agreement, but other necessary institutional elements were lacking
or only in the early stages of development. The Commission also observed that, while some progress
had been made, "the institutional mechanism provided by the Agreement [had] not been fully util-
ized.” The Commission recommended that the Parties and jurisdictions "develop and implement a
Binational Toxics Management Strategy for the Great Lakes Basin Ecosystem,” using the "Agreement as
a framework for developing a comprehensive strategy to control and reduce toxic substances."
In their 1988 reports of progress under the Agreement, the Parties described numerous programs
and measures intended to reduce sources of toxic pollutants, including persistent toxic substances. The
Board observes, however, that neither Party has developed a comprehensive management strategy for
these substances.
The Board concludes that the complexity of the issue, the enormous costs involved, and the lack of
precedent are all factors contributing to the lack of more timely progress. The Board summarizes below
its findings regarding development of the components of an overall toxic substances management
strategy, with emphasis on identification and control of contaminant sources and the waste issue.
Pretreatment Programs
Through its Municipal Pretreatment Task Force, the Board investigated the status of pretreatment
programs in the Great Lakes basin. The task force found that these programs are in various stages of
development by the jurisdictions. Pretreatment of industrial waste prior to discharge to a municipal
sewerage system is essential, as municipal facilities generally are not designed to remove industrial
contaminants.
The Board will continue to track development and implementation of pretreatment programs in
the basin. In order to determine the adequacy of these measures, the Board requires data for individual
facilities including: which parameters are monitored; efﬂuent limits established; compliance with these
limits; and a firm schedule for adoption and enforcement of regulations. The Water Quality Board
recommends to the Commission that:
0 The Parties, in cooperation with the state and provincial governments, accelerate the development of
coordinated pretreatment programs (including standards to address local concerns and impairments)
and common measures of compliance, and provide the resources necessary to effectively implement
these programs. [Recommendation No. 9, page 19]
Pulp and Paper Industry
The pulp and paper industry remains a significant source of conventional pollutants to the Great
Lakes basin. In its 1985 and 1987 Reports, the Board reported on progress in the pulp and paper indus-
trial sector to reduce the discharge of conventional and toxic contaminants; this 1989 Report describes
further progress. For conventional pollutants (such as biochemical oxygen demand and total suspended
solids), some mills in New York and Michigan have efﬂuent limits for maximum loadings only. The
resulting loading data are not comparable with data from other facilities, which are required to report
average loadings. Thus, the Board is unable to accurately track progress to reduce loadings for conven-
tional pollutants. Therefore, the Water Quality Board recommends to the Commission that:
0 All pulp and paper mills report average monthly loadings even if their discharge limits are expressed in





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The Parties implement a management program with short, medium and long-term elements for
contaminated sediment. This management program should include navigational dredging activities.
[Recommendation No. 35, page 54]
0
The Parties develop, test and implement suitable technologies, including dredging equipment, for the
remediation of contaminated sediment.
[Recommendation No. 36, page 54]
Atmospheric Deposition
Atmospheric deposition is a major pathway for contamination of the Great Lakes Basin Ecosystem,
from sources located within and outside the basin. Because of long-distance and global transport, the
international dimensions cannot be overstated.
With the exception of a few isolated initiatives identiﬁed in the basin, programs related to sources
and inventories of specific contaminants emitted to the atmosphere, models for atmospheric transport
and deposition, and specific pollution control measures addressing contaminants of concern in the Great
Lakes are not presented in any detail in either Party report. Consequently, the Board cannot make an
assessment of overall progress in these areas. In order to evaluate progress to quantify atmospheric
deposition and contaminant loading to the Great Lakes, and to evaluate progress to control emissions to
the atmosphere, the Board requires details on the monitoring, research, modeling and inventory activi-
ties specific to the Great Lakes basin. Therefore, the Water Quality Board recommends to the Commis-
sion that:
0
The Parties undertake the programs and measures necessary to quantify atmospheric deposition of toxic
substances to the Great lakes basin, assess emission sources and contaminant transport, and control
emission of toxic substances to the atmosphere in a manner appropriate to the requirements of the
Agreement.
[Recommendation No. 37, page 56]
Groundwater
Contaminated groundwater is a largely unquantified source of pollution to the boundary waters of
the Great Lakes system, both directly to the lakes and indirectly via inﬂow to tributaries. Studies in
local areas, such as the Niagara River, allude to the potential magnitude and seriousness of the situation.
The Water Quality Board recommends to the Commission that:
0
The Parties undertake programs and measures to identify and control both contaminated groundwater
affecting the boundary waters of the Great lakes system and sources of contamination to groundwater,
and to report progress toward remediation and restoration.
[Recommendation No. 38, page 57]
Nonpoint Land Runoff
The magnitude and the severity of pollution from nonpoint sources in the Great Lakes Basin
Ecosystem have been known since the PLUARG studies of the 1970s. In this Report, the Board has
identified the type of information required to track status and evaluate progress in nonpoint source
pollution control to remediate impairments and reduce loadings of pollutants. The Water Quality Board
recommends to the Commission that:
0
The Parties and thejurisdictions provide information about nonpoint source pollution, as specified in
this Report.
[Recommendation No. 29, page 48]
The Waste Issue
Large quantities of waste have accumulated and will continue to accumulate as additional wastes
are generated during production and considering the massive quantities of products used and disposed
of every day. Programs to reduce, reuse, recycle, and recover waste will reduce the quantity that
already exists, and process changes and treatment of the waste stream will reduce the amount generated
in the future. Nevertheless, a significant residue remains. Storage, transport, and land disposal are not
the answer, as this only shifts the problem from one location or medium to another, and only postpones



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 with these proposed changes and recommends to the Commission that:
0
The Parties review the potential consequences if compulsory pilotage is eliminated, review the adequacy
of present training requirements for masters and pilots, and review present requirements regarding the
management of hazardous cargoes.
[Recommendation N0. 22, page 42]
Discharges from Vessels
Information provided to the Board about sewage discharges from pleasure craft, although sparse,
gives the Board cause for concern.
The Water Quality Board recommends
to the Commission that:
0
The Parties and jurisdictions review the following with respect to pleasure craft:
the adequacy of
inspection programs; resource needs for enforcement agencies to conduct adequate inspections; the
nature and significance of violations; and whether the number and capacity of shore—based pumpout
facilities is adequate for present and future use.
[Recommendation No. 24, page 43]
The
Coast Guards
are reviewing the need
for guidelines whereby cargo residues are considered
“garbage”
and







potential problem which such cargo residues may pose to the Great Lakes.
The Water Quality Board,
however,
does not have
the necessary information to advise
the Commission
on this matter and
recom—
mends to the Commission that:
0
The Parties and jurisdictions review the Canada and
United
States Coast Guard information and
International Maritime Organization studies to determine the potential problems associated with, and
solutions to the disposal of cargo ship residues.
[Recommendation No. 25, page 44]
Maritime Use of Organotin Compounds
Organotin compounds, including tributyl tin, are used







a threat to the Great Lakes
because








The marine use of all organotin compounds be immediately banned in the Great lakes basin.
[Recommendation No. 26, page 44]
CONTROL OF PHOSPHORUS
A
major impetus leading to the 1972 Agreement was
eutrophication in the lower Great Lakes.
The
attendant problems resulted directly from overenrichment with phosphorus.
Concern
was also raised
that the upper Great Lakes could suffer the same fate if phosphorus inputs were not signiﬁcantly
reduced.
In each of its reports since 1973, the Board has reported on progress to control phosphorus
inputs,
as well as the response of the aquatic ecosystem to these control measures.
The issue has been largely
but not completely resolved; phosphorus
loadings are approaching
the target loads for the lower Great
Lakes and










the content of phosphorus in laundry detergents.
More













The phosphorus control program implemented under the 1972 Agreement has been responsible for










reﬂected in the phosphorus concentration trends, particularly in Lakes Erie and Ontario.
However, the
precipitous declines in phosphorus




























































































































































































































































































































































































































































































































































































































































































































































































































phosphorus target loads specified in the 1978 Agreement are being met.

























































States portion of the basin will have a limit of 0.5%, as called for in the Agreement.
Canada’s detergent phosphorus limit is 2.2%. A further reduction by Canada would allow munici-
pal wastewater treatment plants which remove phosphorus to achieve lower efﬂuent concentrations
with the same effort. In addition, a lower phosphorus limit would lower the efﬂuent concentrations
from those municipal and private plants that do not remove phosphorus, as well as reduce the phospho-
rus content in wastewater from combined sewer overﬂows and treatment plant bypasses. Therefore, to
meet the intent of the Agreement, the Water Quality Board recommends to the Commission that:
0 Canada implement legislation to reduce the content of phosphorus in laundry detergents to 0.5% by
weight as phosphorus. [Recommendation No. 15, page 35]
Parties’ Review of Phosphorus Control Measures
Section 6 of Annex 3 requires theParties to "meet no later than December 31, 1988, to review the
effectiveness of the programs and measures described herein, and any remaining load reduction meas-
ures required to achieve the target loads.” This meeting has not taken place. Therefore, the Board
recommends to the Commission that:
xxii
0The Parties hold their mandated meeting as soon as possible and as a component of their agenda deal
with the concerns and
recommendations regarding control of phosphorus













































































































































of their ecological importance



































Parties, in cooperation with
state and provincial governments,
establish and








Parties, in cooperation with



















with state and provincial governments, evaluate
the effectiveness of current





streamflows, and other factors critical to wetlands.
[Recommendation
No. 32, page 50]
0
The Science Advisory Board provide direction and













































































































































ensure that all ships destined for the Seaway and
the Great
Lakes exchange ballast either at sea or in the









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































effluent from municipal sewage treatment plants had difﬁculty performing the analyses.
The Board’s
most recent (1989) round robin confirms that problems persist for measurement of this relatively
straightforward contaminant, and the Board’s previous
concernsremain valid.
In its 1987 Report, the Board also reported on
the inability of many
laboratories to measure toxic
organic contaminants in samples ready for analysis, i.e. no sample preparation was
necessary.
Given
the unsatisfactory performance by many
laboratories, the implications are that valid data would not be
forthcoming on toxic organic contaminants in real-world samples that require careful sample collection
and preparative steps, factors that would
easily contribute to errors and that the Board has not investi-
gated in its round robin studies.





This, in turn, may make
it difﬁcult to establish whether the
requirements of the Agreement
have
been fulfilled, especially with
regard
to persistent toxic substances.
To locate the causes
of these problems, the Board
recently completed







that most jurisdictions have
described quality
assurance
protocols that have potential but, in some












variations contribute to the bias often detected in interlaboratory studies and
create a climate in which
comparability of surveillance data
from
different sources is difﬁcult to assess.
The
causes
of inadequate quality assurance appear
to be a combination of three factors:
I
Fundamental




implementation of these protocols.
0
Use of different protocols which result in incompatible data.
The
Board concludes
- again - that an
adequate
quality assurance program
is not in place to deal
with Great Lakes ecosystem issues.
To
provide for such a program, the Water Quality Board recom—
mends to the Commission that:
0
The Parties and jurisdictions develop and
implement a coordinated, binational quality assurance
program
in support of the Great lakes International Surveillance Plan.
[Recommendation No. 40, page 59]
0
The Parties and jurisdictions review and upgrade, as necessary, the performance of laboratories
supplying phosphorus data to ensure that the information reported is accurate and
comparable.
[Recommendation No. 39, page 58]
The
Board






quality control, for example,
the herring gull and
























to the Parties, which








response to requests for
updates and
corrections.
Without timely access to data, the Board’s evaluation of progress under the
Agreement,
and
assessment of the performance
of municipal and









The Parties, in cooperation with state and provincial governments, designate a working level "Loading
Coordinator” within each jurisdiction who will have knowledge of all point source and tributary data
within his/her state or province.
.



































































































































































































































































































































































































































































































































































































































































































































































































































































































o The jurisdictions develop and adopt a uniform set of benchmarks, with emphasis on persistent toxic
substances, for application to municipal and industrial discharges.
[Recommendation No. 8, page 12]
OBJECTIVES
The general, specific, and ecosystem objectives are yardsticks by which environmental problems in
the Great Lakes system are defined and progress measured. However, not all problems are adequately
addressed by the present range of objectives. Without appropriate objectives, it is difficult to incorpo-
rate these concerns into the regulatory agenda. The Water Quality Board recommends to the Commis-
sion that:
0 The Parties continue to develop and adopt ecosystem objectives to complement the specific and
ecosystem objectives presently contained in the amended Agreement.
[Recommendation No. 2, page 5]
The Supplement to Annex 1 calls for the Parties to compile and maintain three lists of candidate
substances for which objectives will be developed. The lists were to have been prepared by December
31, 1988, using agreed-to standard methods. The Water Quality Board recommends to the Commission
that:
0 The Parties expedite development of the completed lists, together with the standard methods used in
their compilation, for review by the Commission. [Recommendation No. 3, page 5]
 
 Although 12 new or revised specific objectives have been proposed for incorporation into the
Agreement, none have been adopted since 1978. To strengthen the basis by which environmental
problems are defined and progress measured, the Water Quality Board recommends to the Commission
that:
0 The Parties adopt the proposed Agreement objectives previously recommended by the Commission.
[Recommendation No. 4, page 5]
A specific objective has been proposed for 2,3,7,8-tetrachlorodibenzo—p—dioxin (TCDD). A number
of dioxins and furans have similar toxic properties, and their toxicity relative to 2,3,7,8-TCDD has been
established. The Water Quality Board recommends to the Commission that:
0 The Parties develop an objective, expressed as "TCDD toxicity equivalents,” for compounds that
exhibit toxicity similar to 2,3,7,8—TCDD. [Recommendation No. 5, page 5]
Speciﬁc, scientiﬁcally based objectives for contaminants in sediment do not exist. Such objectives
are particularly needed to decide how to deal with contaminated sediment in Areas of Concern and for
preparation of RAPs. Therefore, the Water Quality Board recommends to the Commission that:
0 The Parties develop objectives for contaminants in sediment for incorporation into Annex 1 of the
Agreement. [Recommendation No. 6, page 5]
PROCESS FOR DESIGNATION OF AREAS OF CONCERN
Inequities have become apparent when evaluating relative degradation of various geographic
areas. Often wide-ranging and diverse data sets exist for distinct areas in the basin, making compari-
sons difficult. Thus, evaluation of additional areas for designation as an Area of Concern necessarily
becomes subjective. The Water Quality Board recommends to the Commission that:
0 An equitable process be developed to comprehensively and objectively evaluate areas for designation as
Areas of Concern. [Recommendation No. 43, page 99]
GREAT LAKES INTERNATIONAL SURVEILLANCE PLAN
The Great Lakes International Surveillance Plan (GLISP), first presented in the Board’s 1975
Report, was recommended as the model for developing a binational monitoring and surveillance
program. The current version of GLISP was distributed to the agencies and jurisdictions in spring 1986.
It consists of three volumes: an overview; the individual lake and connecting channel monitoring plans;
and detailed methodologies used for implementing components of the plan. Implementation is ex-
tremely important, in order to provide the necessary data to assess the state of the lakes and the con-
necting channels. The Board monitors the degree of implementation. The Board is concerned that the
surveillance and monitoring programs called for in GLISP are not all being implemented. This has
limited the Board’s ability to adequately assess the state of the Great Lakes. Therefore, the Water
Quality Board recommends to the Commission that:
0 The Parties place renewed emphasis on the implementation of the Great lakes International
Surveillance Plan and report to the Board in the fall of each year the extent to which the Plan was
implemented in the previous year and plans for implementation during the coming year.
[Recommendation No. 44, page 101]
The Report should be provided by the Parties in a standardized format.
Due to resource constraints on the Board’s budget, no progress was made in completing Volume II
(specifically, no monitoring plans exist for Lake Superior, St. Marys River, St. Clair River and Detroit
River) or developing Volume III. When resources become available, Volume II will be completed, and
then the development of common programs (those programs considered critical for determining spatial




This 1989 Report of the Great Lakes Water Quality Board to the International Joint Commission
presents the Board's assessment of the state of the Great Lakes and the Board’s evaluation of progress
toward restoration of the basin ecosystem.
BACKGROUND
The Great Lakes Water Quality Agreement, first signed in 1972, revised in 1978 and amended in
1987, commits Canada
and the United States, in cooperation with Ontario and
the eight Great Lakes
states, "to restore and maintain the chemical, physical, and biological integrity of the waters of the Great
Lakes Basin Ecosystem.”
The primary focus of the 1972 Agreement was amelioration of problems
resulting from phosphorus over—enrichment.




reaffirmed the commitment of the two federal governments,
the province,
and
the Great Lakes states to restoration, preservation, and protection of the Great Lakes; sharpened
the




on Remedial Action Plans (RAPs) and Lakewide Management
Plans (LMPs), pollution from nonpoint sources, contaminated sediment, airborne toxic substances,
pollution from contaminated groundwater, and research and development.
The 1978 Agreement and its 1987 amendments commit the Parties to accomplish the activities
identified therein. The amendments also provide accountability:
beginning in December 1988, the
Parties will advise the Commission of their progress with respect to activities and programs identified in
the annexes, through biennial reports.
The Commission, in turn, is obligated to review and evaluate the
programs and progress of the Parties, and to provide its advice to the governments.
The Commission’s
advice is based largely on technical information and
advice from the Water Quality Board and the
Science Advisory Board.
By the terms of the 1978 Agreement, the Water Quality Board is the principal advisor to the
Commission.
The 1987 amendments did not alter the Board’s terms of reference, but additional pro-
grams
and measures incorporated into the Agreement by the Parties shifted the role of the Commission
strongly toward evaluation.
Accordingly, the Board reviewed its historic activities, strategy, and
priorities which had previously focused on a five-part management strategy:
0
The
Primary Track, which focused on
abatement and control of selected pollutants known
to
be persistent and toxic, and
known to be present in the Great Lakes ecosystem at levels of
concern.
0
The Comprehensive Track, which dealt with the many
chemicals reported to be present in the




for restoration of Areas of Concern.
0
Tracking and control of phosphorus.
0
Reporting on the state of the lakes and on indicators of ecosystem health.
In 1985 and
















































































































































































































































































































































































































































































































































































































































































In addition to this report, four supporting reports have been prepared:
0 Appendix A - Progress in Developing and Implementing Remedial Action Plans for Areas of
Concern in the Great Lakes Basin.
0 Procedures for the Assessment of Contaminated Sediment Problems in the Great Lakes.
0 Options for the Remediation of Contaminated Sediments in the Great Lakes.
0 Report of the Municipal Pretreatment Task Force.








The 1978 Agreement and its 1987 amendments commit the Parties and jurisdictions to undertake
specific activities delineated in the Agreement and its annexes. The amendments also commit the
Parties to advise the Commission about progress, through biennial reports commencing in December
1988.
In turn, the Commission is obligated to review and evaluate programs and progress and to
provide advice to governments.
In its role as principal advisor to the Commission, the Board has assessed progress under the
Agreement.
The Board’s evaluation is based on information from several sources, including:
0
The Parties’ reports of progress on implementation of the Agreement.
The first Canadian
report (1) was released February 8, 1989 and the first United States (2) report was officially
transmitted to the Commission on June 7, 1989.
0
The 1988 report of the Coast Guards to the Commission (3).
0
The Parties’ annual inventories of pollution abatement requirements, including compliance
and loading data, for all municipal and industrial facilities discharging into the Great Lakes
system.
0
The Parties’ Phosphorus Management Plans.
0
In-depth analysis by the Board of contaminant inputs and control programs for contaminated
sediment, atmospheric deposition, the pulp and paper industrial sector, and pretreatment of
industrial waste discharged to municipal sewerage systems.
The Parties have undertaken or proposed numerous activities to fulﬁll their requirements under
the Agreement. Their 1988 reports of progress describe numerous programs and their administration,
but the reports generally lack details about achievements and data that would provide an indication of
progress. Thus, the Board is unable to provide a comprehensive assessment of Parties’ progress or
evaluation of the adequacy of programs and measures to date.
The Board recognizes that the Parties’ programs and measures are at an early stage of develop-
ment for many of the activities called for in the 1987 amendments to the Agreement, and that the fruits
of these endeavours will become manifest with the passage of time.
In future Party reports, the Board
looks forward to more substantive information to describe and document progress to fulfill obligations
and achieve the goals of the Agreement.
Article IX stipulates that "the International Joint Commission shall be given at its request any data
or other information relating to water quality in the Great Lakes System in accordance with procedures
established by the Commission.”
In accordance with this requirement and to assist the Commission in
its evaluation of progress, the Water Quality Board recommends to the Commission that:
1.
The Parties provide the Commission with strategic information about their programs and progress
under the Agreement, including: specific program goals that relate to reduction in pollutant sources
and loadings; intermediate milestones; and time schedules to achieve these goals.
Although the requirements of the amended Agreement provide a suitable framework for provision
of information, the Board has not previously specified the strategic data and information required to































































































































































































0 Waste reduction, management, and disposal.

































detailed in Chapter 4.
OBJECTIVES
Annex 1 to the amended Agreement details specific water quality objectives "that the Parties
recognize as a maximum or minimum desired limit for a deﬁned body of water or portion thereof.” The
Supplement to Annex 1 calls for a process to review specific objectives and for development of new
specific objectives. The Supplement also commits the Parties and jurisdictions to the development of
lake ecosystem objectives. Annex 11 commits them to the development of "ecosystem health indicators
to assist in evaluating the achievement of specific objectives for the ecosystem.” Annex 12 commits the
Parties to establish action levels to protect human health. Presented below is the Board’s evaluation of
progress regarding these obligations in the Agreement.
DEFINITION OF ENVIRONMENTAL PROBLEMS
The general, specific, and ecosystem objectives are yardsticks by whichenvironmental problems in
the Great Lakes system are defined and progress measured. However, if problems are defined solely in
terms of whether or not objectives are met, the result is a misplaced sense of security, because problems
for which there are no adopted objectives, by deﬁnition, become non-problems. Development of specific
objectives which adequately address all environmental quality problems within the Great Lakes pose a
continuing challenge. Examples of problems that are not yet adequately addressed by specific objectives
include chemically induced chick-edema disease in colonial fish-eating birds and abnormalities in
snapping turtles. Also of concern are the potential environmental problems being defined by epidemi-
ologists as possible embryonic developmental defects in offspring of mothers in western Michigan who
ate Lake Michigan fish. Although there are fish consumption advisories, particularly for women of
childbearing age, there are no objectives concerning developmental effects per se. The potentially






























































































































































































































































































































































































































































































































































































































































measures of ambient conditions which the Parties are committed to attain. In order to control sources of
the contaminant in question, it is necessary to link the objectives to remedial programs. In the United
States, this is done through adoption of water quality standards which, in turn, drive regulatory limits.
All state standards contain narrative prohibitions against the discharge of toxic substances in toxic
amounts. Increasingly, the states are adopting speciﬁc limits on each substance.
US. EPA regularly reviews the comparability of state standards and the specific Agreement
objectives. Recently, Michigan adopted a policy to prepare a review of provisions in comparison to
specific Agreement objectives. Also, Michigan DNR is preparing an analysis of the comparability of the
specific Agreement objectives with its state water quality standards and with its Rule 57 for point source
discharges. New York standards address 200 toxic substances, which are equal to or more stringent
than the speciﬁc objectives. Wisconsin has adopted new standards which call for water quality equal to
or better than the specific Agreement objectives; Wisconsin’s rules also specify how the standard’s
values are to be applied in developing discharge limits.
Under the Canada Ontario Agreement, federal and provincial pollution control programs are
undertaken to achieve the general and specific objectives of the Agreement.
The Memorandum
of Understanding among
the Great Lakes states and provinces for control of
toxic substances in the Great Lakes was
signed in June 1988.
It provides for the development of a list of
persistent toxic substances which should be controlled within each jurisdiction.
In response, the Great
Lakes state and provincial administrators agreed that after December 1988:
0
The






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 United States Sources
For compliance determinations, it has been the practice of US. EPA‘for the past several years to
submit a compilation of industrial and municipal dischargers in the Great Lakes basin for one quarter of
each water year (most recently June-August).
Included in this inventory are the facility name, location,
permit number, permit expiration date, compliance status and efﬂuent limit exceeded or reporting
requirement unmet.
This inventory gives some sense of the status of compliance of these sources, but offers no guid-
ance as to the accuracy of extrapolating these data to indicate point source performance over an entire
year. In addition, the level of detail regarding permit requirements and severity of exceedences is not
available. In the past, this latter issue could be addressed through a search for the appropriate facility in
the STORET data base; however, in 1986, US. EPA mandated the Great Lakes states to begin the storage
of this information on the Permit Compliance System (PCS).
In the process of initiating this system and
transferring data from it to STORET, no limits were stored for 1986, except for those from Michigan.
Similarly, no summary was made available to the Commission for water year (WY) 1986; thus the Board
is unable to make any comment on the status of compliance of United States point sources for that year.
Timely availability of requisite data is discussed later in this chapter.
Another difficulty with the United States compliance inventory is the inconsistency among juris-
dictions regarding the size of the reported discharger.
For example, in the Board’s 1987 Report (6), New
York reported on 54 municipal facilities for 1985 but 98 facilities in 1987.
Most of the 44 additional
plants were identified as having ﬂows between 380 and 3,800 m3/ d
and had not been reported on for at
least six years. In order to allow for consistency of reporting among jurisdictions and from year to year,
the Board recommends to the Commission that:
7.
All discharges be included in the Parties' compliance inventories so that the Board can determine the
relative significance of individual facilities.
The Board has been assured that the transfer of United States compliance information for all Great
Lake states to PCS has largely been completed and that these data for WY
1987 will be stored in
STORET.
Thus, although a summary for the final quarter of WY
1987 was received from US. EPA,
given the concerns regarding its limitations (some of which are developed in detail below) and the
unavailability of a complete and verified data set for 1987 on STORET, the Board cannot offer an in-
formed assessment of the state of point source compliance in the United States portion of the basin. This
situation must be redressed in the very near future.
As an example of some of the difficulties and concerns with extrapolating United States compli-
ance information from one quarter of the year to the entire year, the Board prepared Table 3, based on
unreviewed raw data on efﬂuent quality and permit limits for facilities in one state for WY
1987 and
final quarter compliance data made available through US. EPA.
This data set was selected because
compliance limits were available from STORET for 1987 and only three parameters (BOD, suspended
solids and phosphorus) were reported to be out of compliance; this limited the number of retrievals
necessary.
This table should only be viewed as an illustration of some of the concerns and not necessar—
ily definitive of the dimensions of the concerns.
Table 3 indicates that the violation rate established over a quarter of the year is roughly half that of
the annual violation or noncompliance rate. These data are "by pipe,” so a multipipe facility could have
more than one violation. Also Table 3 considers limits on parameter maximums as well as averages.
However, the violation rate should be roughly comparable to that obtained for the state from the US.
EPA compliance inventory, which indicated that, for municipals and industrials, the overall rate was
10%.
Based on this analysis, the Board concludes that extrapolation of compliance information from one
quarter to an entire year is not valid.
To further explore concerns regarding the quality of the United States compliance inventory, two
municipal facilities were considered in more detail.




























































































































































































































































































Nitrate 2 1 1
Total Kjeldahl



























     
*Each monthly exceedance is counted as one; same source may have a number of
























































































































































QUARTERLY VS. YEARLY COMPARISON FOR DISCHARGES
IN ONE GREAT LAKES STATE, 1987
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BOD, suspended solids and total phosphorus.



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Ohio 22 67 33 NA
Indiana 14 19 74 NA
Pennsylvania 0 2 0 1 2 50
Wisconsin 17 32 53 NA
Minnesota 3 4 75 2 4 50
New York 22 53 42 NA
Michigan 55 99 56 NA
US. Total 133 276 48
       
* Major discharges with actual ﬂow greater than 3,800 m3/d required to meet the 1 mg/L total phosphorus limit
on a monthly average basis.


















































































































































































































































































































































































































































































































































































































































































































































































































































































































contained in their forthcoming report to the Board.




























































































































































































































































































































































































































































































































































































































Anthracene NE NE NE NE
Naphthalene 53 20 28 28.
     
NE = No Estimate.
NS = Assumed to be not signiﬁcant.





















sludge concentrations. An exception is benzene, which appears to be underestimated, based on com-
parison to literature values and to releases of other similar compounds. For three compounds (2,3,7,8-
TCDD, tetrachlorodibenzofuran, and anthracene), a credible estimate of the mass released from munici—
pal plants was not possible due to limitations in the current data base.
The task force suggested that, as part of a mass balance approach, the data files, model, and
treatment/ removal efficiencies developed for their report be routinely updated and expanded to
improve release estimates.
Pretreatment Programs in the United States - Federal Objectives and Framework
Pretreatment programs were designed to address four concerns within the sewage treatment
system: interference with the effective operation of the system; pass through of toxic contaminants to














































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































        























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































discharged from domestic sources.
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YEAR kg/t I t/ a
1975 5 - 6 25,000
1984 ca. 3.5 16,300
1988 1.5 - 3.5 10,000
ca. 1992 1.5 6,500
ca. 2005 0.5 2,000
ca. 2010 0.1 500
































































































































































































































































































































have many users, there has been a strong emphasis on elimination of BOD by secondary treatment. At
the present time, no regulations are in place limiting discharge of chlorinated organic material.
The Finnish water board will apparently follow the Helsinki convention on the Baltic Sea. The
convention, made up of all countries neighbouring the Baltic, will meet in 1989 to discuss the feasibility
of a limit of 1 to 2 kg TOCl per ton of pulp. The first step will be to agree on an analytical method.
National discharge quotas will be set according to the 1988 convention to effect a 50% reduction in TOCl
by 1995.
WATER QUALITY BOARD CONCLUSIONS
The Board concludes that signiﬁcant reductions in discharges of chlorinated organics are achiev-
able and practical with current technology. These reductions can be realized through one or more of
several alternative in-plant process changes, along with external treatment systems. Therefore, the
Board recommends to the Commission that:
12. The Parties and jurisdictions continue to develop regulations to control the discharges of chlorinated
organics from the pulp and paper sector, with the focus on ’zero discharge’ of 2,3,7,8-TCDD and
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The following review of the amended Agreement provides necessary background to consider
progress to control phosphorus. Annex 3 of the 1978 Agreement established future phosphorus loads
for the Great Lakes. In the 1983 Supplement to Annex 3, it was agreed that phosphorus target loads for
Lake Superior, Lake Michigan, main Lake Huron, Georgian Bay and the North Channel would be
accomplished by achieving the 1 mg/L phosphorus efﬂuent concentration (on a monthly average) at
municipal waste treatment facilities discharging more than 1 MGD. The phosphorus target loads for
Saginaw Bay, Lake Erie and Lake Ontario were affirmed. The Supplement specified that a reduction of
2,000 t/a was required in the input to Lake Erie, 300 t by Canada and 1,700 t by the United States. This
reduction assumed that all municipal waste treatment facilities discharging over 1 MGD would achieve
the 1 mg/L efﬂuent limit.
A reduction of 1,210 t/ a was identified in the Supplement for Lake Ontario, and the Parties agreed
to meet within one year to allocate the reduction. The Parties also agreed to develop and implement
phosphorus load reduction plans, to table the plans with the Commission, and to provide the Commis-
sion with progress reports and annual updates of the plans. The Parties further agreed to develop and
implement surveillance and monitoring measures to determine progress under the plans. The 1987
amendments to the Agreement revised the load reduction downward from 1,210 to 430 t/ a, since the
models used indicated that the target load of 7,000 t/ a could be met with this smaller reduction.
BASIS FOR TARGET LOADS
The target loads are based on a review (30) of phosphorus loadings to the lakes, conducted as part
of a review of the 1972 Agreement. Loadings and surveillance data and mathematical models were
used to quantitatively estimate the lake response to various load reduction strategies. Desirable in-lake
conditions were established in terms of phosphorus, chlorophyll a and dissolved oxygen concentrations;
target loads were then selected which, when met, would produce the desired response with high
probability.

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































40 LARGESTI MUNICIPAL DISCHARGES IN THE GREAT LAKES BASIN
           
JURIS- AVERAGE FLOW RATE ANNUAL AVG.”3 PHOSPHORUS MONTHLY ACHIEVEMENT
FACILITY DICTION (103 m3/d) CONCENTRATIONS (mg/L) WITH 1 mg/L LIMIT"
1985 1986 1987 1985 1986 1987 1985 1986 1987
1. Detroit MI 2744 2764 NA 0.59 0.70 NA 12 12 NA
2. Toronto-Main ON 653 903 842 0.96 1.07 0.73 7 6 10
3. Buffalo-Birds Island NY 624 630 NA 0.79 0 68 NA 12 12 NA
4. Milwaukee-Jones Island WI 521 530 NA 0.49 0 44 NA 12 12 NA
5. Cleveland-Southerly OH 421 478 NA 0.95 0 52 NA 11 11 NA
6. Cleveland-Easterly OH 445 454 NA 0.35 0.26 NA 12 12 NA
7. Milwaukee-South Shore WI 347 406 NA 0.61 0.78 NA 12 11 NA
8. Rochester-Frank VanLate NY 263 403 NA 0.78 0.71 NA 10 12 NA
9. Toronto-Humber ON 363 392 403 1.32 1.02 0.88 4 5 9
10. Toledo OH 386 347 NA 1.15 1.14 NA 5 4 NA
11. Hamilton ON 293 315 307 1.52 0.73 0.78 11 11
12. WayneCo.-Wyandotte MI 253 284 NA 1.42 1 43 NA 1 0 NA
13. Syracuse NY 275 284 NA 0.79 1.02 NA 12 7 NA
14. Akron OH 270 275 NA 1.41 0.95 NA 1 9 NA
15. Mississauga—Lakeview ON 217 244 258 0.75 0.63 0.70 10 12 10
16. Grand Rapids MI 221 239 NA 0.67 0.78 NA 10 12 NA
17. Erie PA 236 203 195 0.58 0.55 0.39 4 11 12
18. Cleveland—Westerly OH 155 184 NA 0.78 0.58 NA 8 12 NA
19. FortWayne IN 170 180 NA 0.69 0.51 NA 12 12 NA
20. Toronto-Highland Creek ON 158 170 176 0.80 0.85 0.74 11 11 11
21. Flint MI 155 163 NA 0.72 0.71 NA 12 12 NA
22. Pickering ON 140 160 172 1.07 1.06 0.62 7 5 12
23. Duluth-W158 MN 132 153 125 0.87 0.84 0.76 10 9 11
24. Saginaw MI 144 147 NA 0.53 0 48 NA 12 12 NA
25. South Bend IN 137 144 NA 0.67 0 52 NA 9 11 NA
26. Hammond . IN 134 141 NA 0.20 0 36 NA 12 12 NA
27. GreenBay WI 144 137 NA 0.46 0 49 NA 12 12 NA
28. Gary IN 138 128 NA 0.42 0.36 NA 12 12 NA
29. London-Greenway ON 127 127 111 0.86 0.66 0.72 9 12 11
30. Windsor-Westerly ON 118 126 124 0.85 0.72 0.69 11 10 12
31. Niagara Falls NY 170 125 NA 0.81 0.63 NA 10 11 NA
32. Warren MI 111 121 NA 0.78 0.73 NA 12 12 NA
33. Muskegon CountyDPW MI 43 104 NA 0 14 0.21 NA 12 12 NA
34. Kalamazoo MI 116 102 NA 3.01 0.60 NA 1 10 NA
35. Thunder Bay ON 110 101 82 1.10 0.80 1.01 5 10 7
36. Racine WI 86 98 NA 0.84 0.80 NA 12 12 NA
37. Kenosha WI 87 92 NA 0.41 0.28 NA 10 12 NA
38. Genesee Co. No. 2 MI 81 91 NA 0.55 0 63 NA 12 12 NA
39. Amherst NY 86 87 NA 0.85 0 80 NA 11 11 NA
40. Lansing MI 88 86 NA 0.37 0 48 NA 12 12 NA
41. Euclid" OH 76 72 NA 1.10 1 17 NA 5 5 NA
‘Based on ﬂow in 1986.
2All concentration data averages are flow weighted for the water year. Flow-weighted concentrations are
estimated by dividing the mean annual loading by the mean annual ﬂow.
3Based on monthly ﬁnal efﬂuentreports for the wastewater treatment plants, excluding combined sewer
overﬂows and bypasses.
"The Euclid STP is being reported until compliance is achieved.




REPORTED PHOSPHORUS LOADINGS FROM INDUSTRIAL SOURCES TO THE GREAT LAKES
(tonnes per year)
 
UNITED STATES CANADA TOTALS
LAKE 1985 1986 1987 1985 1986 1987 1985 1986 1987
Superior 2 24 NA 149 137 154 150 160 INC
Michigan 101 138 NA - - - 101 138 INC
Huron 21 57 NA 3 1 1 24 58 [NC
Erie 44 49 NA 37 20 22 81 69 INC
Ontario 31 27 NA 17 29 22 48 56 [NC
          
Totals may not sum due to rounding.
INC = Incomplete data available.
NA = Not available for Commission review.
these unreported or improperly reported loads is of great concern, especially in view of some of the load
allocations discussed earlier. Therefore, the Water Quality Board recommends to the Commission that:
14. The Parties and jurisdictions improve the process and systems of reporting point source phosphorus
information, speciﬁcally to minimize the number of unreported and incorrectly reported sources.
DETERGENT PHOSPHORUS
Ohio has instituted a limit (0.5% by weight as phosphorus) for those counties in the Lake Erie
drainage basin, to commerce in 1990. Pennsylvania has instituted the same limit, effective March 1, 1990
for the Lake Erie and Chesapeake Bay drainage basins, and a year later in the rest of the state.
The Canadian report (1) states that with the regulation of phosphorus concentration in cleaning
compounds and water conditioners now under CEPA, there is "the potential to result in substantial
phosphorus loading reductions throughout the Canadian Great Lakes Basin.” The Board will track
developments.
The Board notes that the Canadian detergent phosphorus limit is 2.2%, over four times the limit of
0.5% applicable in the United States portion of the basin, which is also the Agreement requirement
where necessary to meet loading allocations. A further reduction in Canada would allow municipal
treatment plants which remove phosphorus to achieve lower efﬂuent concentrations with the same
effort. In addition, a lower phosphorus limit would lower the efﬂuent concentrations from those
municipal and private plants that 'do not remove phosphorus, as well as reduce the phosphorus content
in wastewater from combined sewer overﬂows and treatment plant bypasses. Therefore, to meet the
intent of the Agreement, the Water Quality Board recommends to the Commission that:
15. Canada implement legislation to reduce the content of phosphorus in laundry detergents to 0.5% by
weight as phosphorus.
NONPOINT SOURCES
Table 13 details within-lake phosphorus loadings from point and nonpoint sources for all five lakes
and the international portion of the St. Lawrence River for WY 1986. Of interest are the nonpoint
35
 TABLE 13
SUMMARY OF 1986 ESTIMATED INDUSTRIAL, MUNICIPAL ANDTRIBUTARY PHOSPHORUS
LOADING DATA TO THE GREAT LAKES BY POINT AND NONPOINT ATTRIBUTION
(All values are in tonnes /year)
   
ST.









































































      
Totals may not sum due to rounding.
estimates for Lake Erie (7,199 t) and Lake Ontario (2,637 t). Similar estimates were made (5) for the
three preceding years (1983-85) for Lake Erie (5,628, 8,477 and 7,293 t, respectively) and Lake Ontario
LAKE ESTIMATES AND TARGET LOADS
(1,586, 2,375 and 1,717 t). Over the four-year period no trend is discemable for either lake.
In its 1987 Report, the Board discussed concerns about tributary loading estimates and target
loads. The most recent (WY 1986) data reaffirms those previous concerns. Table 14 summarizes WY































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































SUMMARY OF 1986 ESTIMATED ATMOSPHERIC, INDUSTRIAL, MUNICIPAL AND TRIBUTARY
PHOSPHORUS LOADING DATA TO THE GREAT LAKES
(All values are in tonnes/year)
   
ST.
SUPERIOR MICHIGAN HURON ERIE ONTARIO LAWRENCE TOTAL
RIVER
Atmospheric5 491 459 748 358 201 - 2258
(standard error) (104) (80) (119) (56) (29) (188)
Direct IND Discharge 81 60 23 38 29 14 245
(standard error) (5) (9) (2) (3) (4) (2) (12)
Direct MUN Discharge 78 367 134 1689 1384 146 3798
(Standard error) (5) (15) (5) (67) (51) (6) (86)
Tributary: Monitored 1345 3214 1845 6201 23761 119 15100
(standard error) (61) (139) (132) (224) (120) (15) (325)
Adjustment for
Unmonitored Area 1064 881 803 1753 652 90 5242
(standard error)2 (90) (56) (202) (236) (63) (15) (335)
Within Lake Totals 3059 4981 3553 10038 4642 370 26643
From Connecting 657 1080 49194 3087
Channels
OVERALL TOTALS 3059 4981 4210 11118 9561 3456
(standard error) (151) (172) (269) (337) (291) (112)
Target Loads3 11000 7000 -
         
Totals may not sum due to rounding.
1Includes Buffalo River.
2Standard errors calculated from tributary loading estimates used in making adjustments.
3Annex 3, 1978 Great Lakes Water Quality Agreement.
‘See discussion of Niagara River loading in text.
5Atmospheric estimates were made from samples obtained from precipitation collectors, with any samples giving
a loading rate greater or equal to 0.4 mg/ m'd discarded as contaminated. Estimates are doubled to account for
dry deposition.
PARTIES’ REVIEW OF PHOSPHORUS CONTROL MEASURES
Section 6 of Annex 3 requires the Parties to "meet no later than December 31, 1988, to review the
effectiveness of the programs and measures described herein, and any remaining load reduction meas-
ures required to achieve the target loads.” This meeting has not taken place. Therefore, the Board
recommends to the Commission that:
38
 18. The Parties hold their mandated meeting as soon as possible and as a component of their agenda deal
with the concerns and recommendations regarding control of phosphorus which have been raised in this
report and its predecessors.
DISCHARGES FROM VESSELS AND ONSHORE/OFFSHORE FACILITIES
Annexes 4 to 6 and 8 to 10 address discharges of contaminants and wastes from vessels and from
onshore and offshore facilities, the review of shipping sources, and contingency planning. The focus is
on accidental spills, process malfunctions and other unplanned releases. Primary federal responsibility
for reporting marine spills lies with the Coast Guards, which meet annually under the amended Agree-
ment and prepare a report for the Commission. Onshore releases are reported to various federal, state,
and provincial agencies. The discussion below is based largely on information in the Canadian Party
report (1 ), the 1988 Coast Guard report (3), and a briefing and material provided by the Technological
Committee of the Science Advisory Board. The presentation considers unplanned releases, foreign
organisms in ballast water, vessel wastes, maritime use of organotin compounds, and hazardous pollut-
ing substances.
UNPLANNED RELEASES
The Commission receives information about discharges from vessels and from onshore and
offshore facilities in the Great Lakes basin as reported to the Canadian and the United States Coast
Guards. The reports received are unclear and incomplete in relation to the occurrence and reporting of
incidents, the information reported, the responsible agencies, and data management.
Incidents Reported
Canada































































“reports” refer to real "happenings" or include potential releases. Further, the apparent reduction of
reports was not attributed to any pollution prevention program.
The 1988 Coast Guard report (3) mentioned 510 direct spills to the Canadian portion of the Great










































incidents were reported by the Centre for the same time period. The Centre compiles information for
the entire province, not just that portion in the Great Lakes basin. From the information available, it is
not clear how many of these spills were directly to the Great Lakes, in the land portion of the basin


































































federal sources (see below) was provided.
Reporting Responsibilities and Reporting Requirements































Information reported is inadequate. A review of information in the Canadian Party report (1)
reveals the paucity of information available based, for instance, on the number of spills reported of
unknown composition and quantity, as well as the lack of information about sources, causes, and
cleanup efficiency. This does not allow for quantification of inputs or any real assessment of impact or
environmental consequences. Further, the information that is reported is not necessarily verified.
Data Management Capabilities
Data management capabilities are also inadequate. There is no consolidated, comprehensive, or
coherent source of data and information in either country; 21 data bases are used to manage information
about unplanned releases (32). Most of the United States data bases are independent of each other.
Potential releases or "near-miss” situations comprise a problem in data gathering and may skew
any interpretation and conclusions about trends. This information is collected by the US. National
Response Center as a spill event, and certain types of potential releases are reported to Transport
Canada under the Transport of Dangerous Goods Act as “damaged bulk contaminant.”
Materials Transported
In 1987, 2.8 million tonnes of bulk chemical and hazardous cargoes were in transit through the St.
Lawrence Seaway and the Great Lakes. These cargoes included carbon tetrachloride, toluene, gasoline,
and creosote. In its tabulation of cargoes in transit, the Coast Guard frequently uses trade names which
often refer loosely to commercial mixtures such as petroleum products; fertilizers; liquor; and tar, pitch,
and asphalt. These do not correspond immediately or directly to an individual substance identiﬁed
under Annex 10 as a hazardous or a potentially hazardous polluting substance. Thus, it is difficult to
know what chemicals are transported. Further, the descriptions entered into the spills data bases may
vary among emergency response agencies. This ambiguity could lead to problems in communication,
confirmation, and response, especially when trying to assess the significance and impact of a spill.
Response
The 1988 Coast Guard report (3) states that, "None of the reported discharges [to Canadian waters
of the Great Lakes] were of a major type, but several required the Coast Guard to act as Lead Agency.
Cost recovery action has been initiated and should be completed by 1988.” In the United States portion
of the basin, there were nine federally funded cleanup projects costing about $71,000. This modest cost
infers that the discharges were not large. Other cleanups not involving United States federal funds were
not broached.
The effectiveness of the emergency response to the reported episodes was not discussed in either
the Canadian Party report or the 1988 Coast Guard report.
Response Capability and Preparedness
In spite of effort and good intentions devoted to preventing unplanned releases, such events do
occur. The massive oil spill from the Exxon Valdez in the Gulf of Alaska in March 1989 has raised the
issue of effective and timely spill response capability and preparedness in the Great Lakes basin. A joint
Canada/ United States Marine Pollution Contingency plan was adopted on June 20, 1974. Subsequent
amendments to the Agreement require the maintenance of a Great Lakes annex to the plan
(CANUSLAK) for use in the event of a discharge, or the imminent threat of a discharge of a harmful
quantity of oil or hazardous polluting substances. The purpose of CANUSLAK is to provide a coordi-
nated and integrated joint response to pollution incidents in the Great Lakes system by federal, state,
provincial and local agencies. The plan, amended in 1986 and reissued in 1987, supplements national,
provincial, regional and local plans of the United States and Canada. The periodic exercises held by the
Coast Guard to simulate the response to incidents are crucial, as is the continued need for research and













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 order to allow calculation of the loading, the information provided should also include the concentra-
tion, duration, and quantity of pollutant discharged. -
GREAT LAKES NAVIGATIONAL SAFETY, ACCIDENTAL SPILLS AND ILLEGAL DISCHARGES
Safety in navigation of commercial vessels in the Great Lakes system is fundamental to avoiding
spills of hazardous materials through collisions with other vessels or with fixed structures or by ground-
ing. The Great Lakes Pilotage Regulations require all foreign crewed vessels navigating the designated
compulsory pilotage areas of the Great Lakes to carry a licenced pilot. Currently, exemptions from
compulsory pilotage can be granted by the Great Lakes Pilotage Authority on application by the ship’s
owner, based on the physical characteristics of the vessel and on the presumed competence of the crew,
as vouched for by the ship’s owner. However, proposed changes in the regulations to not require
licenced pilots may undermine navigational safety, especially in areas where compulsory pilotage is
presently imposed.
The Technological Committee of the Science Advisory Board briefed the Water Quality Board on a
meeting with the Corporation of Professional Great Lakes Pilots and the Lakes Pilot Association Inc.
The Great Lakes pilots have expressed their concerns on the proposed elimination of compulsory
pilotage throughout the Great Lakes. The pilots have warned that this will mean that unqualified
officers rather than qualified pilots will be in charge of ships.
The Water Quality Board expresses its concern with these proposed changes and recommends to
the Commission that:
22. The Parties review the potential consequences if compulsory pilotage is eliminated, review the adequacy
of present training requirements for masters and pilots, and review present requirements regarding the
management of hazardous cargoes.
Another confounding factor is “The Coastal Trade and Commercial Marine Activities Act,” passed
by Canada in 1988. It will eventually permit the substitution of Canadian ﬂagged andCanadian crewed
vessels with foreign ﬂagged and foreign crewed vessels, a process which could pose an even greater
threat to navigational safety in the Great Lakes when coupled with the amendment to the Great Lakes
Pilotage Regulations described above.
FOREIGN ORGANISMS IN BALLAST WATER
Foreign organisms have invaded the Great Lakes system at various times since the early 18003 and
have competed aggressively with native biota. Well established foreign species include the sea lamprey,
a parasite to lake trout; the alewife; the Asian clam; and several plant species. Most introductions were
the result of efforts to improve marine access to the Great Lakes through the Erie Barge Canal in the
18305 and the opening of the St. Lawrence Seaway in 1954.
Recent newcomers to the Great Lakes, such as the ruffe (a European perch—like fish), the zebra
mussel (also from Europe), and the spiny water ﬂea have made a dramatic venue in certain areas of the
Great Lakes and are spreading rapidly. The Great Lakes Fishery Commission (GLFC) is considering
undertaking an inventory of all exotic organisms in the Great Lakes and developing a policy for the
protection of healthy fish communities from foreign invasion.
The zebra mussel was discovered in western Lake Erie in late 1987 and more recently in the Detroit
River and Lake St. Clair. By mid-1989, they had been found as far east as Long Point on the north shore
of Lake Erie and at Cleveland on the south shore. This mussel reproduces and grows in water of about
15°C and can survive in colder water. They are mobile in the larval stage, adhering firmly to sand
particles, water intake pipes, fishnets, boat hulls and to other solid surfaces. This species is already
causing problems, and the potential to cause even greater problems is serious, especially for the cooling
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The Canadian Coast Guard has amended its regulations (to come into force in 1990) to permit
periodic sampling of sewage efﬂuents. Following promulgation of the amendment, foreign vessels fitted
with IMO-approved units and United States vessels equipped with United States Coast Guard certiﬁed
units, will be obliged to prove satisfactory operation of the units before entry to Canadian Great Lakes
ports.
The Coast Guard report (3) also states that they are reviewing the need for guidelines whereby
cargo residues are to be considered as garbage and thereby subject to the discharge standards. They
feel, however, that some guidance is needed from the Commission on the potential problem which such
cargo residues may pose to the Great Lakes. The Water Quality Board, however, does not have the
necessary information to advise the Commission on this matter and recommends to the Commission
that:
25. The Parties and jurisdictions review the Canada and United States Coast Guard information and
International Maritime Organization studies to determine the potential problems associated with, and
solutions to the disposal of cargo ship residues.
MARITIME USE OF ORGANOTIN COMPOUNDS
Organotin compounds, including tributyl tin, are used in marine bottom paints for application to
boat hulls and marine and aquaculture facilities. These compounds pose a threat to the Great Lakes
because of their acute toxicity to aquatic organisms.
United States
The United States enacted the Organotin Anti-fouling Paint Control Act on June 16, 1988. The Act
prohibits the sale of organotin-combining compounds used in formulating anti-fouling paints. It also
prohibits application of paints containing organotins to vessels less than 25 metres in length. Vessels in
this size category (primarily pleasure craft) accounted for a large amount of the organotin biocide
released into the aquatic environment. Exceptions to the regulations include the application of the anti-
fouling paint to the aluminum hull or to the outboard motor and lower drive unit of vessels less than 25
metres in length.
Canada
In Canada, regulatory authority lies with Agriculture Canada under the Pest Control Products Act.
Canada DOE and DFO have recommended controls similar to those in the United States. The depart-
ments l’are strengthening their policies regarding these substances” and "a series of options have been
proposed to restrict the use of [tributyltin] compounds” (1) through domestic and international regula-
tion.
There is a potential problem with foreign vessels painted with organotin compounds entering the
Great Lakes. This will undoubtedly require resolution at the IMO level.
The Water Quality Board recommends to the Commission that:
26.
The marine use of all organotin compounds be immediately banned in the Great lakes basin.
HAZARDOUS POLLUTING SUBSTANCES
Annex 10 calls for the Parties to maintain lists of hazardous and potentially hazardous polluting
substances which, if discharged in any quantity, would present an imminent and substantial danger to
public healthor welfare. The annex also requires the Parties to develop and implement programs and
measures to minimize or eliminate the risk of release of these substances to the Great Lakes.
The Canadian Party report (1) states that the original intent of Annex 10 has, to a large extent, been
met by Canada through the promulgation of the Transport of Dangerous Goods Act, the Canadian
Environmental Protection Act, and Ontario legislation. In addition, the intent has been met internation-
































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































 water erosion. These measures are necessary but not sufficient. Analogous to the modification of
industrial production processes to reduce or eliminate the generation and/ or use of persistent toxic
substances, the agricultural community must more aggressively investigate the development and use of
alternatives to chemical pesticides, in order to reduce - and eventually eliminate - dependence on, and
use of these chemicals.
In some circumstances, even technology-based control requirements and process changes are not
sufficient to virtually eliminate the discharge of persistent toxic substances. Another key element in the
initiative may be a total ban on the production, processing, import, export, transport and sale of certain
persistent toxic substances. This may be easy in theory but difficult in practice, such as the case of PCBs
or 2,3,7,8-TCDD. Even with a near-total ban, technology-based controls and process changes are
required to respond to residuals or inadvertently generated quantities that enter a waste stream.
WASTE MANAGEMENT AND DISPOSAL
Over the years, large quantities of waste have accumulated and will continue to accumulate, as
additional wastes are generated during production and considering the massive quantities of products
used and disposed of every day. In spite of programs to reduce, reuse, recycle, and recover wastes,
there remains a nagging question of what to do with the residue. At present, there is no ultimate
solution to this long-standing problem. In large measure with present policies, pollutants and their
concomitant risk are moved from one medium or location to another. The consequence of postpone-
ment in dealing with these wastes are such events as the PCB-warehouse fire at St-Basile—le-Grand,
Québec, and the dribbling of PCBs from leaky transformers transported along the Trans-Canada High-
way in northwestern Ontario. How many other events have occurred on a much smaller scale and/ or
have gone undetected or unreported, resulting in release to the atmosphere, surface water, or ground-
water and endangering the ecosystem?
To assess the magnitude of the waste management issue, it is estimated that at least 90% of all
hazardous waste generated in North America is treated, recycled, or disposed of onsite by the waste
generator, leaving 10% to be transported to treatment and disposal facilities (27). Estimates of the
quantity of hazardous waste vary. In Canada for 1988, about three million tonnes (50% of the national
total) of hazardous wastes were generated in Ontario and 1.8 million tonnes in Québec. In the United
States for 1985, the Great Lakes states estimated 18.3 million tonnes, and US. EPA estimated a range of
51.8-105.9 million tonnes (27).
Storage and transport of wastes do not remove any threat or solve any problem. Proven technol-
ogy exists to effect a permanent solution for wastes. For example, PCBs can be destroyed to a level of
99.9999% through proper incineration, e.g. with a cement kiln. However, public concern about
aesthetics and potential risk, and political pressures precluded implementation of this proven technol-
ogy almost 15 years ago.
The Board recognizes that there is no such thing as "zero risk” for any technology or course of
action, but the social and economic costs associated with not dealing directly with the waste issue in
general, and with persistent toxic wastes in particular, and the legacy to be left for future generations
must be considered.
The Water Quality Board recommends to the Commission that:
28.
The Parties expedite development of permanent remedies for hazardous waste, along with concomitant
reduction, reuse, recycling, and recovery programs, and assess whether these measures are sufficth to
virtually eliminate the input of persistent toxic substances from this source.
The Board encourages the use of mobile facilities to eliminate the need for, and the risk associated
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Progress in change of land-use and land-management practices in watersheds with nonpoint
impairments as a measure of success in tracking implementation.
To
track and evaluate progress in remediating impairments and reducing loadings of pollutants
from nonpoint sources, the Water Quality Board recommends
to the Commission that:
29.
The Parties and the jurisdictions provide information about nonpoint source pollution, as speciﬁed in
this Report.
To
assist the Commission and its Boards in tracking status and evaluating progress, a standard









analysis of data, can
greatly assist in this endeavour.
WETLANDS
Wetlands are a vital component
of the Great Lakes Basin Ecosystem.




progress in organizing, funding and
planning for their protection and
restoration.
Wetlands not only form
the link between
aquatic and
terrestrial ecosystems but also pro-
vide
key linkages in maintenance of water quality,
storage, and
ﬂow.
Marshland areas act as sediment traps and







diversity of organic detrital material essential for lake productivity.
Wetlands



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































used (24) as the basis for designating specific wetland areas of provincial, regional and local significance.
The proposed policy, together with the Implementation Guidelines, would give formal protection to the
more important wetlands of provincial and regional significance.
At present, the wetlands management program in Ontario embraces wetland evaluation, the
securing of threatened wetland wildlife habitats and gradual encouragement of landowner stewardship,
full property tax relief for wetland owners, research into the formation and stewardship of wetlands,
publicizing the value of wetlands, and monitoring planning activities to preserve signiﬁcant wetlands
and related fisheries.
OTHER ACTIVITIES AND INITIATIVES
The Association of State Wetland Managers encourages liaison through such meetings as the
proposed International Workshop on Great Lakes Wetlands, which will be held in cooperation with the
National Audubon Society and the State University of New York at Syracuse. In October 1988, the
Great Lakes Research Consortium of SUNY-Syracuse organized a Great Lakes Wetlands Workshop in
Toronto to develop collaborative programs for wetlands research. This was held just prior to the
Ontario Wetlands: Inertia or Momentum Conference hosted by the Federation of Ontario Naturalists.
Further, at the workshop held under the Commission’s lake levels reference, descriptive information on
the impacts of water levels on the quantity and quality of Great Lakes wetlands was compiled.
CONCLUSIONS
There has been a tendency to interpret the Agreement in terms of traditional water quality man-
dates involving the open lakes and nearshore areas, while omitting wetlands and their associated ﬂora
and fauna. Fisheries, waterfowl and botanical interests which transcend regional or national institutions
need to be considered, consistent with an ecosystem management approach. In addition, the momen-
tum that has developed concerning wetlands, as a result of the lake levels reference, needs to be contin-
ued.
Because of their ecological importance to the Great Lakes Basin Ecosystem, more attention needs to
be given to wetlands in the future. In particular, the Commission should monitor progress to identify
Great Lakes wetlands, specify constraints to their protection and management, and monitor their status
and trends. The Water Quality Board recommends to the Commission that:
30.
The Parties, in cooperation with state and provincial governments, establish and maintain a registry
of information on wetland losses.
31.
The Parties, in cooperation with state and provincial governments, ensure that surveys which are
conducted in relation to the requirements of Annexes 2 and 13 include the linkages between contami—
nants found in wetlands and point and nonpoint sources.
32.
The Parties, in cooperation with state and provincial governments, evaluate the effectiveness of current
wetland legislation and policies to protect and restore wetlands and to maintain natural aquifers,
streamflows, and other factors critical to wetlands.
33.
The Science Advisory Board provide direction and advice about research into the interrelationships of
wetlands with other components of the Great lakes Basin Ecosystem.
To assemble, correlate, and use the wide array of physical, chemical, biological, social, economic,
and other information relevant to wetlands, the utility of such tools as automated Geographic Informa-




Because of the many and diverse roles they play, contaminated sediment and their management






















































































or indirectly affect the distribution, movement, and deposition of clean and contaminated sediments in
the basin ecosystem.































































































































































































































































































































































































































































































































































































































































































The Board believes that an effective and complete management strategy should contain an ade-
quate assessmentof the degree and extent ofthe sediment problems. The strategy should include the
judicious application of remedial technologies (some of which are now in the earliest stages of develop-
ment) combined with a monitoring program to test their effectiveness and a monitoring program to
assure the environmental acceptability of the technology or solution being applied. The intent of the
strategy should be to virtually eliminate the input of persistent toxic substances to the Great Lakes
system.
Dredging
Under Annex 7 (Dredging), the Parties are required to ”... encourage research to investigate
advances in dredging technology and the pathways, fate and effects of nutrients and contaminants of
dredged materials.” The annex includes requirements for submission of data for a dredging register
and continued environmental research and technology development related to dredging. Furthermore,
it is incumbent upon the Parties to adopt compatible guidelines and criteria for dredging activities in the
boundary waters of the Great Lakes system.
The Water Quality Board, under the terms of the Agreement, supervises the preparation of a
register containing sediment contaminant data and dredging project information submitted by the
Parties. The register, prepared every ﬁve years, is widely used. The Board has experienced consider-
able difﬁculty in preparing its 1980—1984 Dredging Register as a result of the quality of information
submitted. The Board is working to rectify this problem through the use of computerized data transfer
and format standardization. These changes should result in the more timely release of subsequent
Dredging Registers.
The requirement for compatible dredging criteria has only been applied to the disposal of dredged
material. A more general interpretation of this requirement is necessary for the development of a
management program for contaminated sediments. It may be necessary in the near future to develop
common guidelines for the application of dredging and transportation techniques.
It is imperative that the Parties investigate and implement short, medium and long-term solutions
to the problems posed by contaminated sediments and the program requirements for navigational
dredging. Short-term management programs should examine and implement methods which reduce
the annual volume requirements of sediment disposed in confined disposal facilities (CDFs). This action
would extend the lifetime of existing CDFs. In addition, both construction and "capping" technologies
and approaches should be examined for their environmental and social acceptability.
Medium-term solutions include the development and implementation of programs to reduce the
volume of sedimentary material entering the lakes and contaminants originating from both point and
nonpoint sources which adhere to the sediment. In addition, technologies which not only reduce the
volume of contaminated dredged sediments but also treat them or render the material inert should be
further developed and implemented.
The long-term management of dredged material should incorporate all of the concerns previously
mentioned. In addition, recognizing that CDFs fulﬁll an immediate need, in considering a long-term
strategy, they should not be viewed as an ultimate solution.
WATER QUALITY BOARD ACTIVITIES
The Water Quality Board expanded the terms of reference for its Dredging Subcommittee in 1986
and created the Sediment Subcommittee to examine the larger problem of managing contaminated
sediments.
Assessment of Contaminated Sediment
In their report, Procedures for the Assessment of Contaminated Sediment Problems in the Great Lakes (15),


























































































































































the Board and US. EPA.






















ized fish carcinogenesis assay does not exist. This workshop was held to better understand and utilize






















for testing, and research recommendations.
Remediation of Contaminated Sediment




























































































































































































































































































































































































































































































Participants with experience at Superfund sites, both in the Great Lakes and elsewhere, felt that the \
application of this program in other areas would be beneﬁcial but not without its drawbacks. ‘
The Superfund Amendments and Reauthorization Act (SARA), which amends the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA), has been promulgated. Together,
they establish a fund to investigate and remediate problems at hazardous waste sites. The primary
objective of CERCLA/SARA is to effectively reduce or eliminate risks to human health and the environ-
ment from hazardous substances, and can have a major impact on contaminated sediment remediation
at designated Superfund sites. Under these acts, programs providing a detailed process for characteriz—
ing the extent and nature of contamination, evaluating remedial alternatives and performing remedia-
tion are specified. While achieving Superfund designation and sufficient priority ranking brings with it
funding to remediate the worst contamination in sediments, it may not be sufficient to completely
restore impaired uses and address lower level contamination. In addition, the heavy weighting given to
human health considerations for the evaluation and ranking of Superfund sites may preclude funds for
areas with other impacted ecosystem components. While SARA/CERCLA may form an important part
of the funding for remediation and management of contaminated sediments in the future, it will be
necessary to identify additional and alternative funding sources to adequately address all the issues.
Based on information provided at this symposium, it is apparent that neither Party has programs
in place for research, development, and demonstration of remedial technologies. These are presently at
the conceptual stage and it will take some time before these programs can be implemented, leading to
the large-scale application of remedial technology.
Recommendations ‘
The Water Quality Board recommends to the Commission that: i
34. The Parties comparatively test existing and new criteria and guidelines to be used to assess contami—
nated sediment problems, and to evaluate dredging activities. The assessment and evaluation tech-
niques adopted should be compatible.
35. The Parties implement a management program with short, medium and long—term elements for
contaminated sediment. This management program should include navigational dredging activities.
36. The Parties develop, test and implement suitable technologies, including dredging equipment, for the
remediation of contaminated sediment.
AIRBORNE TOXIC SUBSTANCES
BACKGROUND
The 1987 amendments to the Agreement added a distinct annex on airborne toxic substances which
called on the Parties, along with the jurisdictions, to conduct research, surveillance, and monitoring and
to implement pollution control measures to reduce emissions of toxic substances to the atmosphere and
their subsequent deposition in the basin. The Annex advocates the establishment of an Integrated
Atmospheric Deposition Network (IADN) for the identification of selected toxic substances, particularly
persistent toxic substances. In addition to quantifying the total and net atmospheric input of toxic
contaminants to the basin, the network should define the temporal and spatial trends in deposition and
provide data to assist in the development of RAPs and LMPs.
US. EPA has estimated that nationwide 2.4 billion pounds of over 300various compounds were
released to the atmosphere in 1987 (31). Included among the compounds are many carcinogens and
neurotoxins. Even though US. EPA believes that these toxic emissions have been reduced by as much
as 40% over the past decade, the dimensions of the task remain highly formidable. In addition, contin-
ued use and release of contaminants associated with the depletion of the ozone layer and the ongoing
transport to the Great Lakes region of residues of pesticides, such as DDT, whose use hasbeen virtually
eliminated in North America, indicate the global nature of this concern.
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While both Parties and jurisdictions have made progress in the monitoring, inventory and control
of selected air contaminants, the scope of these efforts must be expanded to embrace a larger list of
contaminants over the entire Great Lakes basin. The development of speciﬁc control strategies which
address the breadth of the Great Lakes basin for the deposition of toxic substances from the atmosphere
must await the deployment and use of IADN. The Parties assigned themselves a number of tasks to be
completed on or before October 1, 1988, including identification of toxic substances to be monitored and
components of the network to be developed, including the number of stations and their deployment,
equipment, quality control and quality assurance considerations, and construction and operations
schedule. Canada and the United States have established three binational working groups to address
these considerations.
The Board, through its Atmospheric Deposition Monitoring Task Force, investigated relevant
aspects of the issue. The findings, approach, and recommendations of the task force were made avail-
able to the Parties and jurisdictions. These have beenconsidered by both Parties in the development of
their portions of the network.
To date, of the three working groups established by the Parties, only the initial report of Working
Group 2 was available for review (12). They reported that the first Canadian Master Station was in-
stalled at Point Petre on Lake Ontario and became operational in October 1988. Little progress had been
made on developing criteria for siting further stations, as output from the Master Stations is required
first. The working group recommended that two meetings be held in 1989 to develop these criteria.
The Working Group 2 report (12) also noted that additional master stations (one in the United
States and one in Canada) will be installed under Phase II of the plan (October 1990), accompanied by
five United States and five Canadian satellite stations, distributed in pairs around each lake (other than
Michigan, which will have United States stations only). The fifth Canadian station will be located at a
shoreline or inland site.
The Board’s task force had recommended equipment for master and satellite stations. Working
Group 2 considered the task force’s advice and concluded that solar radiation should be measured at the
master sites, and further meteorological data should be collected at satellite stations. This is not a
specific recommendation from the working group at this time, nor is it a formal commitment by Canada
to deploy these devices.
ASSESSMENT
With the deployment of the Canadian Master Station at Point Petre joining the United States
Master Station already operational at Green Bay, Wisconsin, the first phase of the plan has begun. It
should also be noted that jurisdictional and Party activity in the monitoring of toxic contaminants,
including metallic and selected organic materials, at a number of established stations continues, as well
as the development of inventories for such contaminants; however, none of these stations (with the
exception of the master stations) nor the inventory effort were established to respond directly to require-
ments for Great Lakes basin deposition determinations.
Assurances are offered in the Canadian Party report (1) that the differences in equipment and
operation between the United States and Canadian sites "will not reduce the intercomparability of the
United States and Canadian sites”; however, there is not enough information presented to determine
with what confidence this statement is made. It appears that the principal organic precipitation moni-
tors at the two sites, although similar in design, are from different manufacturers; in addition, they are
operated according to a different sampling strategy and schedule. Questions are raised regarding the
all-weather capability of the Canadian samplers; apparently, the United States units do not give rise to
the same concern. There are also significant differences in the collection medium used in the monitoring
of dry deposition. The impact of these various factors on the comparability of the data produced must
be considered in some detail. _
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The inorganic precipitation samplers appear comparable, although the Canadian Party report (1)
does not comment explicitly. The Canadian instrumentation and sampling schedule is given in some
detail; similar United States information is not presented in the United States Party report (2), so distinct
differences in sampling technology and procedures cannot be considered.
 
Signiﬁcant questions of analytical protocol and data quality assurance are not explored in the
Canadian Party report (1).
A list of contaminants of interest, analytical methodologies, data management, and quality assur—
ance and control techniques are not discussed in any detail in any of the available material. Notwith-
standing the fact that these topics are largely under the purview of Working Groups 1 and 3, lack of
reference to them and the other disparities in the deployment of monitoring equipment at the United
States and Canadian master sites suggest that an adequate level of integration between these two
national efforts, which was seen as essential by the Board’s task force, may not have been achieved. As
the Working Group 2 report notes, "there is no obvious consensus at present on the approaches to be
taken to the Annex 15 activities and to the conceptual design of the IADN, both from a receptor and a
source perspective”(12). It is vital that this consensus be achieved as quickly as possible to ensure that
valuable resources are not squandered due to lack of clariﬁcation and coordination.
With the exception of a few isolated initiatives identified in the basin, programs related to sources
and inventories of specific contaminants emitted to the atmosphere, models for atmospheric transport
and deposition, and specific pollution control measures addressing contaminants of concern in the Great
Lakes are not presented in any detail; as a result, the Board can not assess overall progress in these
areas.
WATER QUALITY BOARD COMMENTARY
The Board notes that Canada is drafting regulations to reduce loadings of atmospheric contami-
nants by imposing limitations on emission sources, based on the toxicity of the substances emitted. In
the United States, the review of the Clean Air Act is ongoing; amendments to the act consider long-
range deposition effects on the Great Lakes. Although it is understood that substances other than
persistent toxic substances are under consideration, in order to evaluate progress, the Board requires
further detail on initiatives in both countries.
Before the dimensions of the concern can be determined and a control strategy formulated, the
Board has determined that a much more extensive deposition monitoring effort must be established in
the Great Lakes basin, and associated research as well as the development of appropriate emission
inventories must be concluded.
The Board questions whether the integrity of the ecosystem will be compromised through the use
in Canada of "a system of scoring toxicity [to] determine the degree of emission control to be applied
to produce the lowest level of release of toxic substances.” Rather, BAT should be applied and, for
persistent toxic substances, should be mandatory, along with an investigation of the technology that
results in the production of persistent toxic substances, with the objective of process change to eliminate
their formation.
In order to thoroughly evaluate progress, the Board requires further information regarding the
precise details of the monitoring, research, modeling and inventory activities specific to the Great Lakes
basin. The Parties should be encouraged to expedite the activities of the working groups, particularly
Groups 1 and 3, to allow for such an evaluation. Therefore, the Water Quality Board recommends to the
Commission that:
37. The Parties undertake the programs and measures necessary to quantify atmospheric deposition of toxic
substances to the Great lakes basin, assess emission sources and contaminant transport, and control




Under Annex 16, the Parties agreed to existing programs to control contaminated groundwater
affecting the boundary waters of the Great Lakes system. Specifically, they were to identify existing and
potential sources of contaminated groundwater affecting the Great Lakes and map hydrogeological
conditions in the vicinity of those sources. When the problem had been identified, the Parties agreed to
control the sources of contamination to groundwater and the contaminated groundwater itself.
To aid in the coordination of programs, the Parties agreed to develop a standard approach and
procedures for sampling and analysis ofcontaminants in groundwater, in order to assess and character—
ize the degree and extent of contamination, and to estimate the loadings of contaminants from ground-
water to the lakes to support the development of RAPs and LMPs.
The Parties’ 1988 progress reports described various initiatives related to groundwater. However,
existing and potential sources of contaminated groundwater which were affecting the boundary waters
of the Great Lakes system were not delineated, nor was mapping of hydrogeological conditions and
progress in controlling contaminated groundwater. This information is essential to establish the magni—
tude of the problem and to track progress. To assist the Board in reviewing progress, a standard
procedure for tabulating information should be adopted by the Parties. Further, thereappears to be no
movement toward bilateral coordination of programs as required by the Agreement.
Another unmet requirement is the development of a standard approach and agreed procedures for
sampling and analysis of contaminants in groundwater. These procedures are necessary to permit a
consistent assessment and estimate of contaminant loadings.
While contaminated groundwater most directly affecting the lakes lies adjacent to the shores of the
lakes and their connecting channels, it is possible for groundwater lying more remotely in the watershed
to supply pollutants in significant quantities. Almost all of the streams ﬂowing into the lakes continue
to ﬂow between rainfall events. This "base ﬂow” comes from groundwater sources throughout the
watershed. If some of this groundwater is contaminated, it could become a significant source to the
lakes, even after dilution with the remainder of the base flow.
Research (39) has documented that a portion of tributary ﬂow during storms can come from
groundwater. Thus, contaminants in groundwater may play a larger role in tributaries and embayments
than previously thought.
The contamination of groundwater from agricultural fertilizers and pesticides poses the possibility
of very significant pollution of the lakes via groundwater because of the widespread use of these materi-
als. The continuing rise in nitrogen concentrations in the open waters of the lakes may be evidence of
this kind of pollution from groundwater. Other potentially significant sources of contamination to
groundwater are improperly designed or operated hazardous waste landfill sites and leaking storage
tanks. In several areas, notably the Niagara River area and the St. Clair River area near Sarnia, concerns
have been raised about groundwater contamination and its possible effect on surface water.
The Water Quality Board recommends to the Commission that:
38. The Parties undertake programs and measures to identify and control both contaminated groundwater
affecting the boundary waters of the Great lakes system and sources of contamination to groundwater,
and to report progress toward remediation and restoration.
The type of information required to track progress includes:
0 Existing and potential sources and sites of contaminated groundwater.
0 Status of mapping of hydrogeological conditions in the vicinity of these areas.
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0 Pollutants of concern and areal extent of contamination in these areas.
0 Progress in controlling contaminated groundwater and source/ site cleanup.
0
Progress in programs for controlling sources of contamination and preventing new areas of
contamination.
This information should be reported following an agreed-to standard procedure.
Geographic Information System (GIS) technology can greatly assist the Parties in mapping and
identifying contaminated groundwater sources. The same technology can be helpful to the Commission
in reviewing the progress of the Parties and jurisdictions under this annex.
DATA QUALITY, ACCESS, AND MANAGEMENT CONSIDERATIONS
INTERLABORATORY COMPARISONS
Laboratory competence in measuring phosphorus in efﬂuent affects both loading estimates and
assessment of compliance with the Agreement limitation of 1 mg /L. In 1984 and 1987, the Board’s Data
Quality Work Group conducted interlaboratory studies to assess competence. In each study over 40% of
the participating laboratories experienced some difﬁculty in accurately performing the analysis.
In 1989 the Work Group conducted a third study. Results indicate that performance by sewage
treatment plant laboratories is essentially the same. Seventy-one laboratories participated and 28 (or
39%) experienced some difficulty in accurately performing the analyses.
Taking into account discharge volumes from the plants served by the participating laboratories, the
estimate of municipal phosphorus loadings to Lake Ontario represents an improvement from two years
ago; for Lake Erie, the estimate is reasonable because the laboratories serving the largest plants per-
formed satisfactorily. However, three Erie plants (which are among the 40 largest dischargers in the
Great Lakes basin) are served by laboratories which experienced difficulty. Two of the laboratories also
had problems with the 1987 study.
For Lake Michigan, the associated participating laboratories that had problems accounted for over
half of the discharge; this is a deterioration from two years ago. The only participating Lake Superior
laboratory performed satisfactorily, while all four participating Lake Huron laboratories experienced
problems.
Since preparation of the 1987 Board Report, two studies have also been conducted for laboratories
performing analyses for ambient phosphorus levels. Previous studies demonstrated consistent prob-
lems with performance by these laboratories, and these problems continue. The summary comments on
performance in the evaluatory letter on the first study (which was completed late in 1987) stated:
"Overall performance by laboratories on this round robin cannot be said to have shown any improve-
ment over the performance on the similar round robin last year.” The summary comment on the second
study (completed late in 1988) was identical.
The Parties and the jurisdictions whose laboratories are experiencing difﬁculty still have not taken
the management steps necessary to bring laboratories analyzing ambient samples up to an acceptable
standard. Therefore, the Board recommends to the Commission that:
39.
The Parties and jurisdictions review and upgrade, as necessary, the performance of laboratories
supplying phosphorus data to ensure that the information reported is accurate and comparable.
DATA QUALITY COORDINATION
As part of the effort to improve data comparability through improved quality control and assur-
ance procedures, the Board conducted a review of surveillance field and laboratory quality assurance
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protocols used in the Great Lakes basin. This review revealed that considerable differences in quality
assurance practices exist among agencies, projects and laboratories. Specific differences include sensi—
tivity, accuracy and precision achieved for particular parameters; deﬁnition and expression of these data
quality measures; documentation of samples, field methods, laboratory methods and quality control;
and differences in data reporting procedures. The Board concluded that these variations in practice
contribute to the bias often detected in interlaboratory studies and create a climate in which comparabil—
ity of surveillance data from different sources is difficult to assess.
The Board concludes - again - that an adequate quality assurance program is not in place to deal
with Great Lakes ecosystem issues. To provide for such a program, the Water Quality Board recom-
mends to the Commission that:
40. The Parties and jurisdictions develop and implement a coordinated, binational quality assurance
program in support of the Great Lakes International Surveillance Plan.
One contributing element to an overall quality assurance program may be the appointment of a Quality
Assurance Coordinator who would be responsible for ensuring that every element of GLISP has an
appropriate assurance plan and protocol, and that these plans and protocols are compatible across the
different agencies, projects and laboratories.
To ensure coordinated quality assurance, project plans should include:
0 General Project Objectives. Objectives should be described in project plans with sufficient
detail on anticipated use of the project data that a rationale for specific data quality objectives
can be developed.
0 Data Quality Objectives. Performance measures used to quantify data quality should be
explicitly defined in project plans, along with acceptable limits for these data quality meas-
ures based on general objectives.
At the very least, the Board feels that a coordinated quality assurance plan should provide for:
0 Laboratory Documentation of Samples. All aspects of sample receipt, storage, preparation
and analysis should be documented in a manner that facilitates retrieval of this information
for each sample, and further inquiry regarding these laboratory operations if necessary.
0 Laboratory Quality Control. Control samples used to measure system performance and data
quality should be identified, their minimum frequency or use specified, and control limits
and data quality measures defined in project plans and laboratory manuals or standard
operating procedures.
0 Laboratory Quality Assurance Reports. The frequency of specific laboratory quality assur-
ance functions, including preparation of laboratory quality assurance reports, should be
identified in project plans.
0 Interlaboratory Studies. All laboratories participating in GLISP should participate regularly
in round robin studies. The studies should be conducted on a project-parallel basis and
tailored to the types of information being provided by the laboratories. Results of the studies
should be provided to all those charged with the responsibility for synthesis and interpreta-
tion of Great Lakes surveillance data.
0 Data Reporting. Data reports should include abrief description of the analytical methods





DATA ACCESS AND MANAGEMENT
As the Commission’s information needs grow, the use of various computerized data bases contin-
ues to increase. In order to undertake its evaluative role, the Commission and its Boards need access to
computerized data summaries on discharges of toxic substances from point sources, emissions of toxic
substances into the air, areas of groundwater contamination, areas impaired by nonpoint source pollu-
tion, nature and extent of contaminated sediments, wetlands status, and the status of programs dealing
with these issues. Without this information, the Commission and its Boards cannot track progress and
conduct evaluations under the amended Agreement.
In supporting the use of data, the approach of not duplicating the Parties’ data base management
capabilities has been adopted. The Parties are expected to maintain their data bases and provide the
Commission with access to them in the format needed by the Commission, in accordance with the
requirements of Article IX. In turn, the Commission obtains the equipment and software necessary to
access the Parties’ data and maintains summaries of reported data on its computer systems.
Because the jurisdictions are not direct parties to the Agreement, Commission requests for infor-
mation under the Agreement must be made to the Parties, which must then be passed on to the jurisdic-
tion involved. This arrangement requires rapid communication and quick response to requests for
updates and corrections. What is needed is a technical information coordinator(s) in each jurisdiction
familiar with all data and information sources. This has become a critical need given the proliferation of
different types of data necessary for the Commission to undertake its evaluative role. The Water
Quality Board recommends to the Commission that:
41.
The Parties, in cooperation with state and provincial governments, designate a working level
“Landings Coordinator” within each jurisdiction who will have knowledge ofall point source and
tributary data within his/her state or province.
GEOGRAPHIC INFORMATION SYSTEMS
Examples of data management systems with tremendous potential to meet a variety of the Com-
mission’s information needs are the Geographic Information Systems (GISs) currently being used by a
number of agencies and jurisdictions in both countries. With the wide variety of summary data needed
by the Commission to evaluate progress in addressing contaminated groundwater, contaminated
sediments, nonpoint source pollution, air toxics and point source discharges of toxic substances, the
situation has become quite complex. The Commission and its Boards require data in specific formats to
be transmitted electronically from the Parties and jurisdictions. GIS technology will be helpful to the
Commission in tracking progress and conducting evaluations. It will also be helpful to the Board in
understanding areal impacts of pollutants from agriculture, use impairments in Areas of Concern, and
Point Source Impact Zones.
Despite the fact that GIS and personnel required to use these systems represent major resource
expenditures, there seems to be no suitable alternative for tracking progress and managing these types
of data. Therefore, in the near future, the Board will examine its options concerning GIS. The Board
recognizes the urgency of making some type of commitment to GIS, so that the benefits of these systems,

















































































































































































































































































































































































































































































impaired beneficial uses in Areas of Concern.




















































































































































































achieving successful institutional arrangements and communication.









































































































There is a need to be realistic in order to be effective in RAPs. For example, one viable option
for remediation of contaminated sediments is the “no action" alternative, particularly if
contaminated sediments are being covered by uncontaminated material, and dredging or
removal would have greater negative impact than allowing gradual natural recovery.
Although RAPs were initially intended to be water quality management plans, they have
often evolved into integrated resource management plans, primarily because the RAP process
calls upon such a wide array of programs and individuals.
The evolution of RAPs toward integrated resource management is positive and consistent
with the ecosystem approach of the Agreement.
It is recognized that, in many cases, it took decades to reach the present level of toxic sub-
stances contamination in Areas of Concern; thus, restoration will not occur in a few years, but
will require sustained efforts over many years.
Sustaining remedial efforts over many years will require building a record of success to
maintain the momentum for remediation.
Considerable progress has been made by the Parties and jurisdictions in the development of RAPs.
The first report of Canada under the amended Agreement identifies a target date for submission of
Stage 1 and Stage 2 RAPs and provides a brief summary of the surveys and studies undertaken to define
the problems and their causes and to initiate public consultation for each Area of Concern (1). The first
report of the United States identifies projected dates for submission of RAPs and brieﬂy summarizes
what is being done to develop them (2).
While the information in the Parties’ reports is useful to determine what activities have been
undertaken to identify problems and causes, the material is not speciﬁc enough to ascertain whether or
not the problems are being identified in a comprehensive fashion (in particular, one that is consistent
with the 14 use impairments identified in Annex 2 and with the Agreement’s General and Speciﬁc
Objectives) or if the sources and causes of the problems have been adequately identified. Such a deter-
mination will be made through the review of Stage 1 submissions for each RAP. Table 15 presents a
summary (prepared by the jurisdictions) of the problem definition in each Area of Concern, and Table
16 presents a summary of the Board’s review comments on the first eight RAPs submitted to the Com-
mission. Because Stage 1 requirements were not completely met in six of these first eight RAPs, in the
Board’s opinion, the Commission should ask the Parties and jurisdictions to seek a written consensus on
problems and causes in Areas of Concern consistent with the Agreement.
SUCCESSES OF RAP PROGRAMS
The Board is generally pleased with the progress of the RAP program and wishes to highlight
some of the successes:
Enhanced communication through establishment of institutional structures (e.g. public
advisory committees, basin committees, or stakeholder groups have been established in 32 of
the 42 Areas of Concern).
Some consensus towards goals for Areas of Concern (e.g. each public advisory committee,
basin committee, and stakeholder group is attempting to reach consensus on site-specific
goals).
Greater public awareness and a sense of local ownership, with a developing "vision" for the
future.
Greater institutional cooperation (e.g. Canada-Ontario Memorandum of Agreement on the
62
TABLE 15
SUMMARY OF BENEFICIAL USE IMPAIRMENTS IDENTIFIED BY THE JURISDICTIONS IN THEIR
AREAS OF CONCERN1
Symbols used:
Blank - Data confirm no use impairment. 1 - May be representative of a whole—lake problem.
0 - Beneficial use impaired.
0 - Under assessment. E - Use impairments currently being evaluated through
0 - No data available public participation program.
* - Use impairments identified by Ontario; L - Likely impaired.
New York is currently evaluating use impairments. NR - Not relevant.
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Peninsula Harbour . @ Q
Jackiish Bay 0 O Q 0 O
liaison Bay 0 o O o O 0
Thunder Bay 0 Q Q Q Q 0
St. Louis Bay/River 0 0 .
‘lorch Lake 0 O 0
Deer Lake-Carp Creek/River . .
Hanistique River 0! 0 Q
Menominee River Cir C O O O O O 0
Fox River/Green Bay 0 o Q Q Q Q Q 0 NR 0 O O O
Sheboygan O O O O O O O O O O
Hiiuaukee Harbor 0 O O O O O O O O O - O O
Haukegan Harbor 0 O 0
Grand Calumet River




Saginaw River/Bay O O O O O O 0
Collinguood Harbour O O O O
Severn Sound 0 9 O O 0
Spanish River 0 Q 0 Q 9
Clinton River 0 O O
Rouge River I O O O O O 0
River Raisin 0 O O
Haumee River 0 O O O 0 NR 0 O 0
Black River 0 O O O O 0 NR 0 O O
Cuyahoga River 0 O O O 0 NR 0 O O
Ashtabula River . Q Q Q 0 0 NR 0 O O
Hheatley Harbour O O O O O 0
Buffalo River 0 L L Q L O 0 NR NR 0
Eighteen Mile Creek E E E E E E E E E E E E E E
Rochester Embayment E E E E E E E E E E E E E E
Oswego River E E E E E E E E E E E E E E
Bay of Ouinie O O O O O O O O O 0
Port Hope 0 0
Toronto Harbour / O O O O O O 0
Hamilton Harbour O O O O O O O O O O O O O
St. Harys River 0 O 0 0 O
St. Clair River 0 O O Q 0
Detroit River 0 O O C O O O O O O O
Niagara River ﬁ' 0 O O O O O
St. Lawrence River * . O O 1 Q . Q 0 Q
For more detailed information see l989 Appendix A (41).
NOTE: For Ontario Areas of Concern, stakeholders and publie advisory committees, in conjunction with the RAP
development teams, will make final determinations of use impairments.
 TABLE 16
WATER QUALITY BOARD COMMENTS ON THE ADEQUACY OF THE FIRST EIGHT RAPs















(JURISDICTION) WATER QUALITY BOARD COMMENTS
Torch Lake Stage 1 requirements not met. The Board seeks establishment of cause and effect
(Michigan) relationships for fish tumours in Torch Lake and a more precise deﬁnition of RAP
goals. US. EPA plans a remedial investigation and feasibility study under
Superfund.
Deer Lake/ Stage 1 and 2 requirements met with respect to mercury problem. Restrictions on
Carp Creek/River fish consumption and the reproductive problems of bald eagles are primary use
(Michigan) impairments. Point sources were addressed, but nonpoint sources were not.
Actions have already been taken: the lake has been drained and contaminated fish
killed; mercury discharge by the mining company has ceased. The Board has
concluded that uses are still impaired (a fish consumption advisory due to mercury
in fish at the mouth of the Carp River remains in place).
Manistique River Stage1 requirements not met. Cause-and-effect relationships are clear; the Board
(Michigan) does not concur with the RAP recommendation for further study, but instead
recommends emphasis on PCB remediation. Michigan DNR is working to eliminate
major sources of PCBs. The Board urges remedial action.
Stage 1 requirements met. Stage 2 partially met (no actions have yet been recom-
mended to deal with contaminated sediment). RAP combined significant public
involvement and an ecosystem approach. Specific agency responsibility should
exist for each remedial action identified.
Stage 1 requirements not met. RAP lacks quantitative goals and adequate assess-
ment of contaminated sediments. Greater emphasis should be placed on resolving
problems associated with contaminated sediments and contaminated groundwater.
Stage 1 requirements not met. Needs a more complete identification of impaired
uses, a more precise definition of goals, and establishment of cause—and-effect rela-
tionships. Remedial actions, comparative costs, timetables and agency responsibil-
ities were not identified.
Stage 1 and 2 requirements met for C505, separate sanitary sewers and bacterial
problems. Stage 1 requirements not met with respect to toxic substances. The toxic
substances problem definition has not been adequately linked to human and ecosys-
tem health. The level of community involvement and public support is exemplary.
Stage 1 criteria not met. There is a need to quantify source loadings of PCBs and
metals. The problems and cause-and-effect relationships were not clearly defined
and no remedial actions proposed. Michigan DNR responded that the problem of




Management of Fish Habitat; 48 communities as well as state and federal governments
reached agreement and funded $310 million of sewer improvements in Rouge River,
Michigan; Michigan and Ontario have agreed to cooperate on joint RAPs for the St. Marys, St.
Clair, and Detroit Rivers; New York and Ontario have agreed to cooperate on development
of RAPs for the Niagara and the St. Lawrence Rivers).
An evolution toward integrated resource management, leading to greater acceptance and
adoption of the ecosystem approach.
Greater emphasis on control of contaminants at source (e.g. steel companies at Hamilton
Harbour, Ontario; chemical companies along the St. Clair River, Ontario; paper companies




















high temperature incineration at 1200°C of PCBs extracted from Waukegan Harbor sedi-





























































































































































































































































































































































































































































































concerns, are listed below.
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0 The plans must specifically identify responsibilities for implementing remedial actions and
involve those who will ultimately carry them out.
0 Strong efforts must be made to develop political and business support for plan recommenda-
tions at the federal, state or provincial, and local levels. Many plan recommendations will
require significant new or increased appropriations, and political support will be required to
secure the necessary resources. It is worth considering the proposition that fines, penalties,
and licence fees be funnelled directly back to support remedial actions in Areas of Concern,
rather than be assimilated in general funds.
0 Plans should identify milestones that will be used to measure achievement. Such milestones
can be specific remedial actions; studies completed; reduced loadings to, or concentrations in
the receiving water; or biological recovery. They should be indicators of progress that can be
made visible to the public to support momentum.
0 Plan recommendations must be integrated into state and provincial environmental priorities.
This may be more difﬁcult in those jurisdictions whose interest in the Great Lakes basin is
small, compared to their total land area or population. The economic and environmental
benefits of Great Lakes cleanup activities must be demonstrated and extolled.
0 There will never be enough information on which to base “perfect” recommendations. The
need to move ahead with RAP implementation, versus the need to know more, must be
speciﬁcally addressed. We cannot afford to wait for all the answers before acting, or else
beneficial uses may never be restored. Further, public confidence will be seriously eroded.
0 In some Areas of Concern, there may be a very long time period between the start of plan
implementation and the restoration of all beneficial uses. In some instances, 20 or more years
may be necessary for achieving a healthy balanced ecosystem. This has important implica-
tions related to developing long-term funding sources and maintaining public interest,
conﬁdence, and momentum in the cleanup process.
0 Several key RAP recommendations will require the development of new or greatly expanded
environmental programs by the state, provincial, and federal governments (e.g. waste mini-
mization, source reduction programs, strategies for remediation of contaminated sediments,
nonpoint source control and combined sewer overﬂow programs). Much effort will be
needed to develop these programs and funding sources, which may delay implementation of
some key recommendations. Efforts must be focused on developing support for these state,
provincial and federal funding sources, while at the same time achieving “small successes” in
plan implementation which will maintain the momentum until the "big ticket” items can be
addressed.
WATER QUALITY BOARD ACTIVITIES
In the 1987 amendments to the Agreement, the Commission was given the responsibility to review
and comment on the adequacy of RAPs. The Board, as the principal advisor to the Commission coordi-
nates the review of RAPs. Members of Board subcommittees, the Great Lakes Science Advisory Board
(SAB), and the Great Lakes Fishery Commission (GLFC) participate in review of RAPs. Consensus was
reached on a complementary RAP review process. As of June 1989, eight RAPs had been reviewed and
advice provided to the Commission. A summary of these reviews is presented in Table 16; more de-
tailed summaries for Torch Lake, Manistique River, Fox River-Southern Green Bay, and the River Raisin
are available from the Commission’s Great Lakes Regional Ofﬁce in Windsor, Ontario.
As a result of a 1987 Board recommendation, the Board developed and adopted in principle a set
of listing/ delisting criteria for Great Lakes Areas of Concern. These criteria were developed for each of
the 14 use impairments outlined in Annex 2. The Board has sought independent review of these listing/
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 delisting criteria from the SAB, GLFC, and the public (e.g. the criteria were published in the Commis-
sion’s newsletter, Focus on International Ioint Commission Activities, in an effort to obtain public input).
For more specific information on progress and challenges of restoring Areas of Concern, consult
Appendix A to this 1989 Report, Progress in Developing and Implementing Remedial Action Plans for Areas of
Concern in the Great lakes Basin.
LAKEWIDE MANAGEMENT PLANS
Annex 2 commits the United States and Canada to the development and implementation of LMPs
as a means of reducing contaminant loadings to restore beneficial uses. LMPs are to serve as an impor—
tant step toward virtual elimination of persistent toxic substances and toward restoring and maintaining
the chemical, physical and biological integrity of the Great Lakes Basin Ecosystem.
The Commission, before it can make recommendations to the Canadian and United States govem-
ments on LMPs, requires a precise definition of LMPs from the Parties and how progress will be
tracked. In addition to a clear and precise definition of LMPs, the Parties should consider undertaking
the following:
0 Identify the scope and key elements of a LMP (e.g. chemical-specific objectives vs. ecosystem
objectives).
0 Identify the criteria for selection of critical pollutants to be addressed by LMPs.
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four elements: 1) a scheme for classifying chemicals and associated responses; 2) a procedure
for assessing the sources, fate, and transport of chemicals; 3) a mechanism for establishment
(between participating agencies) of uniform criteria and standards for permissible concentra-
tions of contaminants in various media; and 4) an approach for development and implemen-
tation of ecosystem objectives as a measure of whole lake restoration of ecosystem integrity.
In addition, the Parties held a workshop in May 1989 to further define LMPs. Just as the Agreement has
been described as an evolving tool for water quality management, LMPs should be viewed as another
important step in the evolution of managing critical pollutant loadings to the Great Lakes. The Board
believes that the LMP concept has merit and is looking forward to the Parties’ further development of
this concept.
As in RAPs, the Commission’s role in LMPs will be to review and evaluate their adequacy and
track progress in implementation. Therefore, based on experiences with RAPs, LMPs could benefit from
emphasis on seeking consensus on problem definition, and identification of the key action steps or
"milestones" which will be used to measure progress.
POINT SOURCE IMPACT ZONES
The "Point Source Impact Zone” concept is not new. In fact, it is almost impossible to discharge
industrial or municipal waste into the Great Lakes without violating the Specific Objectives, at least
locally. This was recognized in the 1972 and 1978 Agreements, but was expressed, in each case, in
somewhat different language. “Mixing Zones" in the vicinity of outfalls were recognized in the 1972
Agreement. Under the 1978 Agreement, "Limited Use Zones” were to be identified for all point source
waste discharges.
Specifically, PSIZs are areas of water, contiguous to a point source, where there is violation of the
general or specific objectives of the Agreement. Annex 2 requires that PSIZs be identiﬁed, delineated
and reported to the Commission beginning September 30, 1989. N0 specific information on delineation
of PSIZs was presented in the Party reports (1,2). As with RAPs and LMPs, the Commission’s role will
be to review and evaluate PSIZs. In order to facilitate the development of PSIZ lists, the Parties should
agree, inter alia, on a consistent reporting format and the appropriate level of detail. Once this is done,
the Board can draft guidelines for the review of PSIZs. There could be circumstances where long-term
PSIZs may have produced locally contaminated sediments; these sediments, as well as the overlying
water, may merit consideration as part of a PSIZ.
SUMMARY AND CONCLUSIONS
The Board views RAPs, LMPs, and PSIZs as essential and complementary components of the
management framework necessary to achieve the objectives of the Agreement. Although they are in
various stages of development, they all represent valuable opportunities to instill public confidence and
support for Great Lakes restoration programs. The Board views this as essential to accomplishing,
ultimately, all of the goals of the Agreement.
Board activities completed over the past two years include:
0 Consensus on a complementary RAP review process between the Board, SAB, and the GLFC.
0 The review of eight RAPs.
0 Development and adoption in principle of a set of listing/delisting criteria for Areas of
Concern. Public input is now being sought.
The Board is generally pleased with the RAP process. The Board has observed a number of successes
and challenges. Successes include:
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0 Enhanced communication and institutional cooperation.
0 Greater public awareness.
0
More emphasis on control of contaminants at source.
0
Greater emphasis on remediation of contaminated sediments.
0
More financial and human resources being focused on Areas of Concern.
Some challenges of RAP implementation include:
0
Identifying responsibilities for remediation and increasing accountability.
0 Developing political and business support.
0
Moving forward with remediation, despite “imperfect” data bases.
0
Developing long-term funding mechanisms while sustaining public support.
Based on the reports of progress by the jurisdictions to develop and implement RAPs (see Appendix A)
and on its review of eight RAPs, the Board observes that:
0
It is taking longer than expected to develop RAPs due to the complexity of problems and
solutions and a commitment to public participation.
O Public expectations are high.
0 Available resources are limited.
0
The evolution of RAPs toward integrated resource management is positive and consistent
with the ecosystem approach.
0
To sustain remedial efforts and maintain the momentum for remediation will require
building a record of success.
In contrast to RAPs, LMPs and PSIZs are in preliminary stages of development. The Commission,
l
before it can make recommendations to the Canadian and United States governments on LMPs, needs to
hear from them as to the precise definition of LMPs and how progress will be tracked. The Parties are
to identify, delineate, and report on PSIZs to the Commission beginning September 30, 1989.
In conclusion, the Board affirms that the success of these three management initiatives (RAPs,
LMPs, PSIZs) is dependent on the ability to demonstrate progress in order to sustain public confidence
and support.
69
   
4 STATE OF THE LAKES
INTRODUCTION
This chapter highlights the status of water quality in the Great Lakes based on the most current
available data. Emphasis has been placed on elucidating trends and changes in water quality status.
Comment is also made on a number of issues which deserve particular consideration, highlighting
emerging and previously unrecognized issues. In keeping with this purpose, the data presented are
those for which relatively long periods of record and known quality assurance exist. In most cases,
these data come from programs which form the core elements of the Great Lakes International Surveil-
lance Plan (GLISP).
The Board intends to place more emphasis on “effects” in its future reports on "state of the lakes.”
It is anticipated that the ﬁrst such "effects-oriented” report will be provided to the Commission in about
three years. This chapter represents a transition to that type of reporting. In this regard, the chapter
differs from those in past Board Reports. Less emphasis has been placed on technical aspects of the data
and more on "what does it mean?” This has required some adjustments in presentation format. In
particular, the amount of supporting technical detail normally provided with the data has been consid-
erably reduced. Sufficient data are provided to justify the observations and conclusions stated. Addi-
tional information on the programs and activities on which these observations and conclusions are
based, can be found in the references provided in the text or, more particularly, in Appendix B to the
Board’s 1987 Report. That appendix (5) represents the most comprehensive summarization of the "state
of the lakes” in at least the past decade.
The chapter is organized as follows:
0 Eutrophication (specifically the nutrients phosphorus and nitrogen) and contaminant issues.
The discussion focuses on trends and exceedences of Agreement objectives in each of the
lakes.
0 Update on the emerging issues presented in the Board’s 1987 Report and new issues for
consideration.
0 Update on the status of development and implementation of GLISP.
0 Review of initiatives undertaken by the Board’s Surveillance Subcommittee.
0 Future directions.
0 Conclusions and recommendations.
EUTROPHICATION AND NUTRIENTS
OPEN LAKE CONCENTRATIONS AND TRENDS
Phosphorus
The eutrophication issue was the focus of the 1972 Agreement. The issue has been addressed
largely through the control of phosphorus. Initial efforts were directed at reducing phosphorus loadings
from municipal and industrial point sources, as well as reductions of phosphorus in laundry detergents.
In 1983, the Phosphorus Load Reduction Supplement to Annex 3 of the 1978 Agreement further
strengthened the commitment to controlling cultural eutrophication problems by curtailing inputs from
nonpoint sources such as agricultural drainage. The primary benchmarks for assessing progress were
the phosphorus "target" loads set for Lakes Erie and Ontario and Saginaw Bay, and a phosphorus
efﬂuent limit of 1 mg/L for major municipal waste treatment facilities (i.e. those discharging over 1
MGD). Agreement loads for Lakes Superior, Huron/Georgian Bay, and Michigan were anticipated to
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be achieved when major municipal plants discharging to these lakes achieved the 1 mg/ L phosphorus
efﬂuent limit. It should be noted that the “target” phosphorus loads for the Lower Lakes and the loads
for the Upper Lakes were based on, among other things, achieving acceptable inlake concentrations of
total phosphorus (Table 17).
The acceptable concentrations listed in Table 17 were originally defined in terms of lakewide
annual average phosphorus concentrations. It was subsequently recommended by the Aquatic Ecosys-
tem Objectives Committee that spring concentrations be used instead (42). These recommendations
have yet to be adopted.
Major reductions in phosphorus loadings to each of the lakes are a result of considerable progress
towards compliance with the 1 mg/L phosphorus efﬂuents limit (see additional discussion in Chapter
2). The phosphorus control program has been largely successful in maintaining the nondegradation
objective for Lakes Superior and Huron and in improving the status of Lakes Michigan, Erie, and
Ontario and Saginaw Bay. Phosphorus loading reductions are reﬂected in the trends in concentrations
of phosphorus in the lakes, particularly in Lake Ontario.
Figure 3 presents the most recent data on phosphorus concentrations and trends in each of the
lakes. Data presented are from the surface (1 m) of the water column during the early spring period at
stations removed from localized inputs. This is consistent with GLISP recommendations. It also facili-
tates comparison with the phosphorus concentrations noted in Table 17. The exception to this is Lake
Erie, which is based on annual average data collected from all stations (only epilimnetic data are used
from the central basin due to occurrences of hypolimnetic anoxia, which cause nutrient release from
sediments). Unlike the other lakes, Lake Erie nutrient concentrations may not be adequately described
by spring surface concentrations, due to the lake’s shallow depth, high nutrient loading,and rapid
response to tributary inputs. There is sufﬁcient scientiﬁc debate over which are the most appropriate
concentrations to measure for trend analysis in Lake Erie that perhaps the recommended acceptable
concentration for this lake needs to be reconsidered.
The following observations can be made on the basis of the data presented in these figures.
Spring concentrations of total phosphorus in Lakes Superior, Huron and Michigan remain below
or near the acceptable concentrations noted in Table 17. Concentrations in Lake Ontario have decreased
to the point where current spring concentrations are ﬂuctuating around the acceptable concentration;
this corroborates similar findings published in the Board’s detailed report on Lake Ontario (44). The
Lake Erie results are not directly comparable to concentrations in Table 17.
Spring concentrations of total phosphorus in Lake Michigan have shown no signiﬁcant change over
the recent period of observation (1983-1987). Similarly, average annual concentrations of total phospho-
rus in Lake Erie from 1983-1986 have shown no significant change.
Lake Erie nutrient data are not
presented for 1987, because the data collected are not comparable to previously reported values, due to
reductions in the numbers of sampling cruises. Trend evaluation for Lake Erie is impaired, justifying
the need for full implementation of GLISP (discussed later in this chapter).
As noted in Table 17, part of the rationale for controlling phosphorus inputs to Lake Erie was the
restoration of year-round aerobic conditions in the bottom waters (hypolimnion) of the lake. Table 18
presents oxygen depletion rates for the last three years for the central basin. There is some debate on the
most appropriate way to present oxygen depletion data, since gross depletion rates do not account for
annual variations in hypolimnion temperature and thickness and in vertical mixing. The values pre-
sented in Table 18 have not been corrected for these factors. It appears, however, that recent depletion
rates are lower than those reported in earlier years. This supports the observations on recent trends
noted in the Board’s detailed report on Lake Erie (45).
Phosphorus data for Lake superior indicated a small (0.14 ug/LOa) but significant (p <0.05)
increase over the period 1983-1987. The explanation for this increase is not clear, but it does not appear
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TABLE 17
ACCEPTABLE INLAKE CONCENTRATIONS OF TOTAL PHOSPHORUS EXPECTEDWHEN
PHOSPHORUS LOADS ACHIEVED
















Prevent nuisance algal growth and eliminate
taste and odour problems
Western Erie
15
Prevent nuisance algal growth
Central Erie
10
Restore all-year aerobic conditions in bottom
waters
Eastern Erie 10 Prevent nuisance algal growth
Ontario 10 Prevent nuisance algal growth
Source: Reference (43).
TABLE 18
GROSS MONTHLY OXYGEN DEPLETION RATES IN THE CENTRAL BASIN OF LAKE ERIE
(mg/L per month)
TIME PERIOD 1986 1987 1988
June 4.56 - 3.15
Early July 4.54 3.44 2.30
July/August 2.29 2.52 3.33
August/September - - 1.76
Annual Average 3.79 2.98 2.63
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FIGURE 3
PHOSPHORUS CONCENTRATIONS AND TRENDS FOR THE GREAT LAKES.
The regression lines indicate a signiﬁcant trend in concentration. The slope of the
regression line indicates the rate of change. R2 indicates the goodness of fit.
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to be related to the signiﬁcant changes in water levels experienced over this same period. Lake Superior
remains oligotrophic, and this slight increase does not appear to be a major concern at present.
Similarly, spring concentrations of total phosphorus in Lake Ontario increased signiﬁcantly
(p <0.05) between 1986 and 1987, from 9.9 to 10.3 ug/L.
The reason for, and signiﬁcance of this increase
is unclear and may be due to natural ﬂuctuations. Nonetheless, Lake Ontario is the only lake which has
exhibited a statistically signiﬁcant (p <0.05) decreasing trend in spring total phosphorus concentrations
over the last ﬁve years. The average rate of decline over the period 1970 to 1987 was about 1.0 ug/L'a.
The above results are generally consistent with those previously reported by the Board.
Nitrate Plus Nitrite
Increases in nitrate-plus-nitrite (N03+N02) concentrations have been well documented throughout
the Great Lakes (46). The substantial increase in N03+NO2 concentrations in the open waters of the
lakes has the potential to impact phytoplankton community structure. In isolation, shifts in phyto-
plankton community composition may not appear to be an important consideration. However, resulting
changes in food web dynamics may have a signiﬁcant impact on the individual basin ecosystems, as has
been documented with the change in zooplankton community structure in Lake Michigan (47).
Due to the low population density and limited agricultural activity within the Lake Superior and
Huron (excluding Saginaw Bay) basins, atmospheric inputs are the most likely major sources of nitro-
gen; this is consistent with phosphorus and other contaminant-related loadings to these lakes. The
lower Great Lakes basin sustains greater urban and agricultural activity; therefore, sources of N03+NO2
are a complex mixture of atmospheric, agricultural, urban, and upstream sources.
The Board has noted its concern about increasing nitrogen (N03+N02) trends in the Great Lakes
in previous reports to the Commission (6,8). Figure 4 updates these trends. These data were collected
at the same stations and analyzed similar to those reported for phosphorus above. The data conﬁrm
the continuing increasing trends for N03+NO2 reported previously by the Board. The single excep-
tion is Lake Superior, where a small (1.6 ug/LOa) but signiﬁcant (p <0.05) decrease was noted over the
period 1983-1987. As for phosphorus, the reason for this decrease is presently unclear.
To date, no adverse impact of increasing N03+NO2 levels have been documented in the Great
Lakes. No concentrations in Great Lakes water exceed the 10 mg/L (N03+N02) maximum acceptable
concentration for drinking water supplies for the protection of human health (e.g. infantile methemo-
globinemia).
COMPARISON OF SURVEILLANCE DATA WITH TOTAL PHOSPHORUS MASS BALANCE
MODEL SIMULATION
As noted above, the target phosphorus loads for the Great Lakes speciﬁed in the 1978 Agreement
were based, in part, on the expected relationship between inlake concentrations of total phosphorus and
the annual loadings of total phosphorus to the lakes. Mass balance models were used to quantify this
relationship. Such models may also be used to evaluate the response of the lakes to loading reductions
and to check the consistency of loading estimates and lake surveillance data. Given this, it is of interest
to determine whether the observed changes in phosphorus concentrations are what would be expected
based on the reported reductions in loadings. This would provide some indication of whether the
original expectations based on the relationship between phosphorus concentrations and loads were
correct. To determine the consistency of loading and concentration data, phosphorus loads reported in
previous Board reports were used to drive a multi-segment mass balance model for total phosphorus in
the Great Lakes. Simulation results were then compared to surveillance data.
The model and model values (determined by calibration to data collected between 1974 and 1976)
were those described by Chapra and Sonzogni (48). The technique presented by Lesht (49) was used to
solve the model in full time-dependent form. In one simulation, loadings to each segment were varied




















































































































































































































































 were held constant for the entire period. A second simulation was done in which the loadings from
1986 to 1999 were held at 1986 values, less the amount of total phosphorus that would be removed if all
the major point sources were in compliance with the 1 mg/L efﬂuent limit.
Results of the simulations were compared with surveillance data for several segments. The
segments chosen were selected because of their importance and the availability of surveillance data.
Typical results for Lake Ontario, Lake Michigan and the eastern basin of Lake Erie are presented in
Figure 5. Two sets of surveillance data are shown.
One consists of simple averages of all open lake (i.e.
excluding nearshore) data collected in each segment during the year. The second set, which dates to
1974 in some segments, consists of volume-weighted estimates of the annual average open lake total
phosphorus concentration (50). With few exceptions, the two agree fairly well. It should be noted that
the data used are annual averages for the open lake rather than spring concentrations, as used in the
trend analysis above. This explains (in part) the slightly different concentration values.
Although, for some segments, the data show annual variability that is not reﬂected by the simula-
tions, the overall correlation between the modeled and observed concentrations was reasonable (Figure
6), indicating the basic adequacy of the model and consistency between the loading and surveillance
data. The apparent decreasing trends in total phosphorus concentrations observed in Lake Ontario,
Lake Michigan, and the eastern basin of Lake Erie are also seen in the simulation results. The more or
less constant difference between the modeled and observed concentrations for Lake Ontario may be a
result of incorrectly specifying the model initial conditions, or in the particle settling velocity assumed
for this segment. Previous work with this model, for example, has shown that it can be very sensitive to
the value of apparent settling velocity (49). Other discrepancies between the modeled and observed
concentrations may result from variations in some of the parameters that have been assumed to be
constant over time.
The key finding from these data is that reducing the loading from point sources not now in compli-
ance with the 1 mg/L efﬂuent limit will apparently have little long-term effect on concentrations in the
major lake basins. Of the basins illustrated, the largest predicted change is 1.6 ug/L in Lake Ontario.
Changes predicted for some of the smaller, more responsive basins were 3.6 ug/L in Saginaw Bay,
2.5 pg/L in western Lake Erie, and 1.5 ug/L in southern Green Bay.
The above should not be taken as complacency with respect to point source control of phosphorus;
the Board emphasizes the continued need to meet the 1 mg/L phosphorus efﬂuent limit. If further
significant reductions are to be achieved, however, nonpoint source inputs of phosphorus to the Great
Lakes basin (including atmospheric inputs) must be addressed. This points to the critical importance of
the Phosphorus Load Reduction Plans being implemented by the Parties.
CONTAMINANTS
While numerous studies of a variety of contaminants have been published in the primary literature
by various researchers, a paucity of routine surveillance data has existed until recently on lakewide
water column concentrations of contaminants in the Great Lakes. In part, this has been because concen-
trations in the open waters were in most cases below the detection limits of routine analytical methodol-
ogy. As a result, much of the past monitoring efforts for contaminants have focused on other media
(e.g. sediment, ﬁsh, herring gulls) in which these substances readily accumulate to detectable levels.
OPEN LAKE CONCENTRATIONS OF CONTAMINANTS
In its 1987 Report, the Board presented data on the concentrations of organochlorine pesticides,
PCBs and a number of the chlorobenzenes for Lakes Huron, Erie and Ontario collected as part of routine
surveillance activities. Comparable data bases were not available for Lakes Superior and Michigan.
Table 19 summarizes the most currently available surveillance data on concentrations of organics in the
open waters of the Great Lakes. While data are now available for Lake Superior, comparable data for
Lake Michican still do not exist. The data are based on large-volume surface (1 m) samples collected in
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FIGURE 5
TOTAL PHOSPHORUS IN LAKES MICHIGAN, ONTARIO AND THE EASTERN BASIN
OF LAKE ERIE SIMULATED BY USING MASS BALANCE MODEL (1974-1999) WITH
SURVEY DATA.
Data represented by circles (1980-1986) are averages of all samples collected in the lake at
open water stations (depth >90 m) during the year. Other data (squares) are estimates of
the annual average concentrations calculated by Rockwell et a1. (50). Error bars are based
on one standard error. Dotted line shows results of model simulation for 1986 loads re-
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COMPARISON OF SIMULATED TOTAL PHOSPHORUS CONCENTRATIONS WITH
OBSERVED TOTAL PHOSPHORUS CONCENTRATIONS IN SIX MODEL SEGMENTS.
Time-dependent multi-segment model results vs. surveillance data, six model segments -
1980 to 1985: variable loads. Solid line shows 1:1 relationship, dashed lines show 2:1 and
2:4 relationships. Source: Reference (59).
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 TABLE 19
ORGANIC CONTAMINANT DATA BY LAKE‘
LAKE SUPERIOR LAKE HURON GEORGIAN BAY LAKE ERIE LAKE ONTARIO
n' = 19
n‘ = 18 n‘ = 7
n“ = 21 n" = 33
D.L. = 0.007 ng/L D.L. = 0.007 ng/L D.L. = 0.007 ng/L D.L. = 0.011 ng/L D.L. = 0.011 ng/L
(957. j (95% (95% (95% (95%
CONFIDENCE I CONFIDENCE ‘ CONFIDENCE CONFIDENCE CONFIDENCE





a-BHC 100 7.840 3 (7.540, 8.155) 100 I 5.906 (5.371, 6.510) 100 I 5.130 p (4.598, 5.743) 100 3.823 (3.635, 4.023) 100 3.954 (3.717, 4.211)
(«ch (Lindane) 100 3 1.078 ‘ (1.049,1.108) 100 0.785 (0736,0838) 100 0.671 (0.615, 0.734) 100 1.020 (0940,1109) 100 1.250 (1.158, 1.351)
Cis-Chlordane 57 ‘ 0.027 p (0.012, 0.080) 94 0.039 (0.026, 0.063) 85 3 0.047 ‘ (0.024, 0.102) 80 0.056 (0.037, 0.090) 57 0.033 (0.020, 0.058)
trans-Chlordane 31 0.011 ; (0.002, 0.249) 11 0 1 T 52 1 0.038 (0.016, 0.110) 0
Heptachlor ‘
Epoxide 100 , 0.124 ; (0119,0129) 100 0.174 (0164,0185) 100 ; 0.170 ; (0147,0197) 100 1 0.162 (0153,0172) 100 0.107 (0100,0115)






39 . 0.060 (0013,1018)




































0.025 ‘ (0.024, 0.027) 64




benzene 0 i 11 . . 43 0.009 (0.004, 0.025) 14









28 3 0.012 (0.002, 1.180) 58 0.027 (0.018, 0.044)
0.283 . (0.254, 0.317) 100 ‘ 0.326 (0.281, 0.382) 100 0.414 (0.365, 0.472)
 
0.036 (0.034, 0.039) 60 0.035 (0.019, 0.072) 96 0.108 (0.069, 0.180)
 
Total PCBs2 100 0.325: (0.302, 0.351) 100 . 0.573 I (0.471, 0.704) 100 ‘ 0.676 (0.548, 0.843) 100 1.159 (0.988, 1.369) 100 1.201 (1075,1345)
‘ I 1
    
   
'% D = percent detected values. D.L. = detection 1111017315 the unbiased estimate of the lakewide mean, determined by the maximum likelihood estimation method and assuming a
log-normal distribution. The conﬁ
dence intervals are not symmetric
about the mean because of the ass
umed distribution.
’D.L. of 0.17 ng/ L for upper lakes
and 0.24 ng/L for lower lakes.
‘Where duplicates were available,
they were averaged unless one wa
s less than the detection limit, the
n a value of 0.0035 ng/L was used.
“Where duplicates were available
, they were averaged unless one w
as less than the detection limit, th
en a value of 0.0055 ng/ L was used
.
In addition, the following parameters were not found at the stated detection levels: Heptachlor, a—endosulfan, 8—endosulfan, aldrin, p,p’-DDT, o,p’.DDT, p,p‘—TDE, p,p’-methoxychlor and mirex.
 
 presented in its 1987 Report were subsequently found to be in error. The data in Table 19 should,
therefore, be considered the baseline for further reporting on open water concentrations.
Because of the importance of estimating lakewide means and the desirability to make statistical
comparisons between lakes, a method was used to handle data that were reported as "less than detect."
The method is called "maximum likelihood estimation” (52) and results in the means and confidence
intervals shown in Table 19. The following observations can be made on the basis of the data presented
in the table.
Concentrations of all chemicals were below the concentrations of current specific Agreement
objectives. However, maximum concentrations of PCBs in Lakes Huron, Erie and Ontario exceeded the
proposed 1.0 ng/L objective (53) (this value has never been adopted). PCB concentrations were signifi-
cantly (p <0.05) higher in Lakes Erie and Ontario than in the upper lakes.
Lake Ontario is the most heavily impacted of the lakes, with the highest mean concentrations for
all chlorobenzenes, PCBs, 'y-BHC (lindane), endrin and p,p’-DDE.
a-BHC concentrations were highest in Lake Superior, probably due to the atmospheric source of
this contaminant. Only a— and y—BHC (lindane) and heptachlor epoxide concentrations were signiﬁ-
cantly different between Lakes Superior and Huron; only heptachlor epoxide was higher in Lake Huron.
There were no significant spatial gradients associated with contaminant distributions in Lake
Superior. Spatial gradients in Lake Huron were evident in relation to inputs from Saginaw Bay, the
Serpent/Spanish Rivers (Ontario), and the Black River (Michigan).
Large gradients in contaminant distribution were evident in Lake Erie in relation to numerous
tributary inputs, particularly in the western basin. Speciﬁcally, the mean concentration of PCBs in the
open waters of the western basin (which is heavily inﬂuenced by the Detroit and Maumee Rivers) was
2.7 ng/L compared to a range of 0.3 — 1.0 ng/L in the central basin (Figure 7). Distribution of chloroben-
zene concentrations was associated with proximity to industrial sources. Elevated concentrations of di-
and trichlorobenzenes were observed offshore of most larger rivers and harbours, particularly the
Detroit and Grand Rivers. Penta- and hexachlorobenzene concentrations were also elevated down-
stream of the Detroit River.
The Niagara River was found to be the most important determinant of spatial contaminant pat-
terns in Lake Ontario, especially with respect to chlorobenzenes. Dramatic increases in the concentra-
tions of chlorobenzenes were observed between eastern Lake Erie and the Niagara River plume in Lake
Ontario, indicating significant sources along the Niagara River (Figure 8). Highest concentrations of
total PCBs (2.6 ng /L) were found off the Black River (New York).
NEARSHORE CONCENTRATIONS OF CONTAMINANTS
Nearshore concentrations of many specific organic compounds generally aresignificantly greater
than those found in the open waters of the lakes. This is due to the proximity to inputs, the association
of these substances with sediment, and the more active physical regime of the nearshore which tends to
resuspend and transport bottom materials. In particular, as suggested above, elevated levels often occur
at the mouths of tributaries, in the connecting channels, around industrial/urban areas and harbour
mouths. The specific compounds encountered can, usually, be directly related to the particular agricul-
tural and industrial uses in the drainage basins.
A number of activities in the Great Lakes basin provide useful information on site-speciﬁc
nearshore concentrations of contaminants. These activities include analysis of raw water at municipal
water filtration plants and the analysis of a variety of biological indicators (Cladophora, spottail shiners)
at tributary mouths and in the connecting channels.
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e, TCB = trichlorobenz
ene, and TeCB = tetra
chlorobenzene.
Concentration in mg /L.
 
   
Drinking Water
An issue clearly uppermost in the minds of the public is the quality of Great Lakes drinking water.
Drinking water intakes are located in nearshore areas not directly inﬂuenced by point source or tribu-
tary discharges and, as a result, samples are indicative of general nearshore water quality. Results
provided to the Board from Ontario’s Drinking Water Surveillance Program indicated that contaminants
in raw water samples from Canadian drinking water intakes throughout the Great Lakes were generally
at or below detection limits and were within existing water quality criteria and guidelines.
Cladophora
Shoreline growths of Cladophora glomerata can serve as a biological indicator of nearshore contami-
nant and nutrient concentrations. Samples of this alga have been collected throughout the Canadian
side of the Great Lakes basin over the period 1980-87 and analyzed for mercury, lead, PCBs, and total
phosphorus. Highest concentrations for all four constituents were associated with industrial and
municipal areas, especially the United States side of the mid-Niagara River (near Love Canal and Gill
Creek) and in the St. Clair River (in the Samia to Corunna region). Maximum concentrations of all four
contaminants occurred in the mid-Niagara River. Reported concentrations in 1987 were 2.35 ug/g Hg;
163.3 ug/g Pb; 4.99 ug/g total PCBs; and 6.8 mg/g total phosphorus.
Spottail Shiners
Young-of—the-year spottail shiners (Notropis hudsonius) have beenwidely used to identify and track
site-specific chemical contaminant problems associated with tributaries, harbours, and other nearshore
areas. The spottail shiner is a nonmigratory (sedentary) fish. Changes in body burdens can be used to
track the effectiveness of implemented remedial actions. Data on 1987 concentrations and trends for
selected contaminants are presented in Figure 9. Representative trend data for PCB and DDT are
presented for several sites in Figures 10 and 11. The curves on the figures indicate significant trends.
The following observations can be made on the basis of the data.
PCBs
Concentrations of PCBs in 1987 exceeded the Agreement whole fish objective at a number of sites
in Lake Huron, western Lake Erie, western Lake Ontario, andthe Niagara and Detroit Rivers. Highest
concentrations were found in the Detroit River, western Lake Erie, and western Lake Ontario. Whereas
the Detroit River inﬂuences PCB availability in western Lake Erie by its hydrological dominance,
nearshore PCB distribution in Lake Ontario is governed largely by several localized sources.
PCB residues in the recent (1987) shiner collections were significantly (p <0.05) lower than in
earlier collections of the mid-19705; residue reductions have slowed since the early 1980s.
DDT and Metabolites
The Agreement objective for DDT and metabolites (1.0 ug/ g) was not exceeded at any sites
sampled. Total DDT residues were generally higher in spottail shiners from western Lake Ontario.
While the metabolite p,p-DDE was found to be the principal component of total DDT residues (consti—
tuting about 80-100% of the total), shiners with the higher DDT concentrations also had p,p—DDT
residues, suggesting more recent use of DDT.
Concentrations of DDT and metabolites have decreased significantly (p <0.05) since the 1970s.
However, the rate of decline of total DDT residues during the 19805 has levelled off compared to rates
observed in shiner collections from the 19703.
Mirex
Mirex was detected only at sites in Lake Ontario and the Niagara and St. Lawrence Rivers. Con-
centrations in 1987 exceeded the Agreement objective (less than detection) at a total of eight sites from
these areas. Unusually high mirex concentrations were found in 1987 at the Credit River and Wolfe
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SHINERS.
The first three sites are on Lake Erie and the other five on Lake Ontario. The curves
indicate a signiﬁcant (p <0.05) change over time, based on a linear or a log-linear
regression.
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 determine whether active local sources exist. Trends are difﬁcult to assess since concentrations are
generally at or below the detection limit.
Octachlorostvrene (OCSLand Hexachlorobenzene (HCB)
Concentrations of OCS and HCB in 1987 at sites in the St. Clair River downstream of the Sarnia
industrial complex were high, compared to "typical" values from other Great Lakes sites. Although
data are only available for 1985-87, both HCB and OCS concentrations appear to be decreasing, with
1987 residue levels significantly (p <0.05) lower than those in 1985.
Other Contaminants
Toxaphene, heptachlor, and aldrin were generally not detected in any of the spottail shiner
samples from the Great Lakes.
Contaminant Concentrations and Trends in Open Lake Fish
The open-lake fish contaminant surveillance program continued to measure whole-ﬁsh residue
concentrations of routine organics and trace metals in top predator and forage fish species at offshore
sites in each of the Great Lakes. At the time of writing, only Canadian data (Lakes Superior, Huron,
Erie, and Ontario) were available. The data sets reported for the lower lakes cover the period 1977
through 1987. Data for the upper lakes have beenreported for the period 1979/80 to 1987. Sampling
and data analysis details are discussed in Whittle and Fitzsimons (54).
Tables 20 and 21 provide interlake comparisons of 1987 whole fish concentrations in lake trout (age
4+) and smelt for a variety ofcontaminants. Figure 12 presents interlake comparison trend data for PCB
and DDT in lake trout (Salvelinus nameycush) over the period 1977-1987. The following observations can
be noted from the data.
Concentrations of PCB, DDT, and dieldrin in 1987 lake trout and smelt (Osmerus mordax) samples
are significantly (p <0.05) greater in Lake Ontario than the other lakes sampled. Similarly, concentra-
tions of Hg in both species are consistently higher in Lake Superior samples. These spatial distributions
are consistent with those reported previously. Concentraticﬁls of PCB in 1987 lake trout samples from
all four lakes, and concentrations in 1987 smelt samples from Lake Ontario, exceeded the Agreement
objective of 0.1 ug/g.
1 Lake Ontario
; PCB concentrations in lake trout collected in 1987 were signiﬁcantly (p <0.05) higher than those
‘ reported in 1985 and 1986. N0 signiﬁcant changes in PCB concentrations in smelt were observed biker
the same period.
f Concentrations of mirex, DDT, dieldrin, and Hg in smelt and lake trout samples exhibited no
significant trend during 1985-87. However, mirex levels in lake trout over the same period exhibited!
significant (p <0.05) annual ﬂuctuations. All other contaminants continued to decline steadilyor have
shown no signiﬁcant change since 1977 for both Lake Ontario indicator ﬁsh species.
Lake Erie
Limited lake trout data from 1985 to 1987 indicate no signiﬁcant trends for DDT, dieldrin, or Hg.
PCB levels seem to be increasing, but limited sample size forlake trout precludes any analysis of signifi-
cance. After a period of steady decline from 1978/79, levels of PCB and Hg in Lake Erie walleye ///
(Stizostedion vitreum) demonstrated some increase in the period 1985 to 1987. Additional samplingWVill/ ’ /
be required to conﬁrm the signiﬁcance of these latter observations. Although PCB levels reported for
1987 smelt collections were higher than preceding years, there is still a general downward trend in con-
centrations over the past 10 years of monitoring. Changes in DDT and Hg levels were not signiﬁcant





1987 GREAT LAKES LAKE TROUT (AGE 4+) WHOLE FISH CONTAMINANT LEVELS
mg/kg wet weight (1 standard error)
      
ONTARIO ERIE HURON SUPERIOR
L. TROUT/SPLAKE
N 64 5 18 17 21
Weight (g) 1,826.0 2,602.1 2,192.5 1,797.9 815.5
(58.7) (237.3) (231.5) (126.3) (65.7)
Lipid (%) 15.65 20.96 15.74 12.03 11.63
(0.34) (0.76) (1.18) (0.84) (0.70)
PCB 3.49 1.16 0.63 0.49 0.42
(0.25) (0.09) (0.06) (0.04) (0.03)
pp’-DDE 0.80 0.12 0.28 0.12 0.14
(0.04) (0.02) (0.03) (0.01) (0.01)
DDT 0.94 0.14 0.31 0.13 0.15
(0.05) (0.02) (0.03) (0.01) (0.01)
Dieldrin 0.13 0.04 0.03 0.02 0.02
(0.01) (0.00) (0.00) (0.00) (0.00)
Mercury 0.13 0.10 0.18 0.19 0.23
(0.01) (0.00) (0.01) (0.01) (0.04)
Source: Reference (60).
TABLE 21
1987 GREAT LAKES SMELT WHOLE FISH CONTAMINANT LEVELS
mg/kg wet weight (1 standard error)
 
ONTARIO ERIE HURON SUPERIOR
N1 44 16 17 12
Weight (g) 1 1.97 17.35 14.54 20.27
(0.67) (3.68) (1 .12) (2.82)
Lipid (%) 4.78 2.69 3.58 3.63
(0.18) (0.32) (0.13) (0.26)







pp’—DDE 0.22 0.05 0.03 0.03
(0.02) (0.02) (0.00) (0.01)
DUI‘ 0.24 0.05 0.03 0.03
(0.02) (0.02) (0.00) (0.01)






Mercury 0.03 0.04 0.04 0.07
(0.00) (0.01) (0.00) (0.01)
     













































Note: 1985 data are for
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FIGURE 12.






The Lake Huron lake trout population consists of both pure lake trout strains and a combination of
splake and backcross lake trout, with the backcross population predominant in latter years. The incon-
sistencies in age class composition of lake trout collections make significant temporal trend estimates
difﬁcult. A less rigorous examination of the data set indicates a consistent downward trend in levels
since 1984 for contaminants such as PCB, DDT, and dieldrin. There has been no significant trend
observed for Hg concentrations in lake trout samples. Concentrations of PCB, dieldrin, and Hg in
splake/lake trout backcross samples have not changed significantly since 1985, but levels have declined
significantly from those measured from 1980 through 1983. DDT concentrations declined significantly
in 1987 relative to levels previously reported. Concentrations of PCB in 1987 smelt samples declined
significantly from those reported in 1985. Both DDT and Hg levels have not changed significantly in
smelt samples analyzed over the same period.
hak_eSur&r_igr
Lake trout samples collected in 1987 had significantly higher concentrations of PCB compared to
data reported for 1986 samples, but the 1986 levels were the lowest since surveys were initiated in 1980.
Similarly, 1987 concentrations of DDT and Hg were greater than those measured in the previous four-
year period. Signiﬁcantly higher lipid concentrations measured in 1987 lake trout samples may be one
factor related to this increase in contaminant burden.
Contaminant Concentrations and Trends in Herring Gulls
In 1974, the Canadian Wildlife Service initiated consistent basinwide monitoring to assess spatial
and temporal trends of selected contaminants in eggs of herring gulls (Larus argentatus) from the Great
Lakes. The program has been maintained on an annual basis and is now in its 15th year. Eggs are
collected from colonies on each of the Great Lakes. Individual egg analyses from 1974 to 1985 provided
good data on variation within and among sites. However, starting in 1986, eggs from only one lake
were analyzed individually each year; the rest of the eggs were analyzed as colony pools. As a result,
important information on the variation associated with contaminant concentrations was severely
impacted, and the types of analyses of these data, which have been included in previous Board reports,
are not possible with the current program. The Board notes that this approach is inconsistent with the
requirements as outlined in GLISP.
Results for 1985-1988 for six compounds at 13 sites are presented in Table 22 (eggs from Big Sister
Island had only been analyzed for 2,3,7,8-TCDD at the time of writing). Data for 1980 are included as a
reference base for the current decade. It should be remembered that most contaminant levels in both
whole fish and gull eggs were elevated in 1981 and/ or 1982 (5). Using 1980 as the year of reference
removes any bias that would be introduced by using anomalously elevated data from the former years.
Data for 1985 are also included because this is the last year that all colonies had individual egg analyses.
These data can be used as a reference base to test the significance of recent, short-term changes.
. Representative trends for selected contaminants at the Snake Island (Lake Ontario), Double Island
(Lake Huron) and Fighting Island (Detroit River) coloniesare presented in Figures 13-15. The following
I ' observations can be made.
Temporal Pattern
On a qualitative basis, contaminant concentrations generally increased slightly in 1988 over those
of 1987. Of 71 colony-contaminant comparisons, absolute levels increased in 47 cases, decreased in 11,
and remained unchanged in 13. For the data in Table 22, the general pattern was one of an overall
decrease in levels between 1980 and 1985, continued decreases from 1986 to 1987, and a slight increase
from 1987 to 1988. However, 90% of the values from 1988 are still below those for 1980. For Lake
Huron colonies, which had individual egg analyses in 1988, no increases were observed for any of the
parameters when compared to 1985 data. The slight increases over 1987 levels (which cannot be tested
statistically) should be tracked carefully in future analyses. On an indivdual compound basis, the
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 TABLE 22 CONT'D.
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FIGURE 15. CONTAMINANT CONCENTRATIONS IN HERRING GULL EGGS FROM FIGHTING
ISLAND, DETROIT RIVER
96
 - DDE: Concentrations in eggs collected from colonies throughout the Great Lakes in 1988
increased over 1987 levels. However, compared to DDE levels in herring gull eggs at the
beginning of the decade, levels in 1988 were 48% lower (p <0.05) for two Lake Huron colonies
(Double and Chantry Islands).
0 Dieldrin: Concentrations for 1988 increased for 10 of 12 colonies over 1987 levels. However,
for the three Lake Huron colonies, no statistically signiﬁcant difference was observed be-
tween 1980 and 1988 values. Similarly, no short-term changes were observed between 1985
and 1988.
0 Mirex: Compared to 1987 concentrations, 1988 levels increased in four of 12 colonies, de-
creased in three, and remained unchanged in five. Since 1980, mirex levels have decreased in
11 of 12 colonies. N0 Lake Ontario colonies have had eggs analyzed on an individual basis
since 1986, so quantitative statements about recent changes cannot be made.
0 HCB: Concentrations increased from 1987 levels in all 12 colonies reporting in 1988. How-
ever, since the beginning of the decade, there has been a 50% decrease (p <0.05) in the three
Lake Huron colonies.
0 PCBs: Concentrations increased from 1987 levels in eight of 12 colonies in 1988. However,
since 1980, total PCBs have decreased in all 12 colonies, and levels. in 1988 were 54% (p <0.05)
lower than in 1980 for the three Lake Huron colonies.
0 2,3,7,8-TCDD: Unlike most compounds in 1988, levels of 2,3,7,8-TCDD decreased compared
to 1987 in seven of 11 colonies where data were available. Since 1980, 2,3,7,8-TCDD levels
appear to have decreased in the reporting colonies.
Spatial Patterns
Only qualitative comparisons can be made among colonies for the most recent (1988) data, except
for the Lake Huron colonies. However, the observations discussed below are not inconsistent with
more detailed information from previous years. Eggs from Gull Island in northern Lake Michigan had
the highest levels of DDE and dieldrin. Those from Snake Island in eastern Lake Ontario were highest
for mirex and had, along with Fighting Island in the Detroit River, the highest HCB levels. Fighting
Island also had the highest PCB levels. 2,3,7,8-TCDD levels were greatest in eggs from Channel/Shelter
Island in Saginaw Bay, Lake Huron. Eggs from Chantry Island in Lake Huron had the lowest levels of
DDE and total PCBs. The lowest levels of mirex and HCB were found in eggs from Granite Island in
Lake Superior, and/ or the Lake Erie sites at Port Colboume and Middle Island. Dieldrin was lowest at
Mugg’s Island in western Lake Ontario and 2,3,7,8-TCDD was lowest at Big Sister in northern Lake
Michigan.
EMERGING ISSUES
UPDATE ON EMERGING ISSUES PRESENTED IN 1987 BOARD REPORT
In its 1987 Report (6), the Board raised a number of issues which emerged on the basis of the most
recent surveillance and monitoring data, including: the widespread occurrence of tumours in fish; pulp
and paper mills as a source of 2,3,7,8-TCDD; and environmental conditions in Presque Isle Bay/Erie
Harbor (Erie, Pennsylvania) and Black River/ Dexter Marsh/Sackets Harbor (New York). This section
provides an update on each of these, followed by additional new issues which the Board wishes to bring
to the attention of the Commission.
 
Black River/Dexter Marsh/Sackets Harbor (New York)
Concentrations of PCBs (Aroclors 1016/1248 and 1254/ 1260) in young-of—the—year spottail and
emerald shiners (Notropis atherinoides) from the Black River Bay continue to exceed the Agreement
objective of 0.1 pg /g, although some decreases have been observed since 1984. New York DEC (61)

























detection levels of 0.050 ug/g for each of the Aroclors), and 0.313 ug/g in 1987. The greatest reductions
occurred in Aroclor 1016/ 1248, which comprised 71% of the total PCB concentrations in 1984 but only
41% in 1987. Aroclor 1016 / 1248 is not typical of PCBs found in other areas or through atmospheric
deposition, and suggests a local source. Although decreases in loadings of total PCBs are suggested by
the decreases in fish tissue analyses, these changes may be a result of decreases in the total lipid content
of the fish and/or a change in sampled species from spottail shiners in 1984-85 to emerald shiners in
1986-87 (although limited data collected by New York DEC suggest that comparisons of the two species
may be valid on a lipid basis). Lipid—based PCB concentrations actually increased from 1984 to 1985;
otherwise, the general decreasing trends as indicated by total concentration apply. A significant (p
<0.05) increase in total PCB concentrations was measured from 1986 to 1987 and may have resulted
from a release of high-voltage breaker oils that occurred in July 1987. Total chlordane (maximum of
7.0 ug/g) and hexachlorobenzene (6.0 ug/ g) were also identified in 1987.
Presque Isle Bay/Erie Harbor (Erie, Pennsylvania)
Presque Isle Bay and Peninsula is located along the southern shore of Lake Erie at Erie, Pennsylva-
nia about 125 km southwest of Buffalo, New York. The peninsula is a compound recurved sandspit that
arches lakeward in a generally northeasterly direction, from its narrow connection with the mainland
just west of the city of Erie.
In its 1987 Report, the Board reported on environmental concerns in Presque Isle Bay/Erie Harbor
(Erie, Pennsylvania). Subsequently, data provided through various studies (with varied objectives)
which were conducted in and around the area, were examined. These data do not in themselves consti-
tute a comprehensive investigation of environmental impairments consistent with the Agreement. They
do, however, reinforce the Board’s previous concerns of use impairment. It is, therefore, imperative that
a comprehensive problem investigation be performed in order to achieve a consensus problem defini—
tion for this area.
The Water Quality Board recormnends to the Commission that: .
42. The Commission request the United States, in consultation with Pennsylvania, to designate Presque
Isle/Erie Harbor as an Area of Concern. \ r
The Board commends Pennsylvania for its proposed study program, aimed at assessing the 14 beneﬁch 1
use impairments described in Annex 2 of the Agreement. The results of these studies, when complete, ‘
would very likely provide a comprehensive Stage 1 RAP.
Tumours in Fish
Fish tumour surveys have beenconducted in 19 of the 42 Areas of Concern (Lake Superior (3), ‘
Lake Michigan (2), Lake Huron (2), Lake Erie (4), Lake Ontario (4), and three of the five connecting ;
channels). No large-scale surveys have been completed for Lake St. Clair, the St. Clair River, or the St. 3
Lawrence River. Additional surveys at six Areas of Concern are planned for 1989 (Lakes Michigan (3),
Erie, and Ontario and Lake St. Clair/St. Clair River) and at least one Area of Concern in 1990. 3
Brown bullhead (Ictalurus nebulosus) data for the Black River, Ohio are reported in the literature
(55). White sucker (Catastomus commersoni) and brown bullhead data for Hamilton Harbour, Ontario are
also reported (63), as is the behaviour of skin neoplasms in white suckers from Oakville Creek, Lake
Ontario (64). A preliminary survey of the Niagara River has been reported (65), and further work is in
progress. Tumour frequency at the other Areas of Concern are being analyzed. The prevalence of liver
neoplasms in white suckers from Lake Ontario has been updated since the 1987 Board report. Bile duct
tumours were found in white suckers from Hamilton Harbour (1.2%), Sixteen Mile Creek (4.1%), Hum-
ber River (2.0%), and the Trent River (0.7%). Liver tumours were not found in control fish from South
Baymouth on Manitoulin Island, although 3.5% of the fish had severe bile duct hyperplasis. The occur-















































occurrence of hepatocellular lesions in these and other heavily urban/industrial environments is consis-
tent with increased contaminant exposure. Research into the relationship between tumours and chemi-
cal exposure is urgently needed.




























































































































Pulp and Paper Mills as a Source of 2,3,7,8-TCDD
This topic is updated in Chapter 2.
ADDITIONAL ISSUES































































































































































































































































































































































































































































































































































































































































































































restricted to upland confined sites. The Indiana Board of Health and the US. Geological Survey have
reported mean water column concentrations for cadmium, copper, mercury and zinc which exceed
Agreement objectives. In addition, U.S. EPA has reported mean concentrations of total PCBs in compos-
ites of whole fish of 8.3 ug/ g, and the Board of Health recently issued (for the first time) a consumption
advisory for carp (Cyprinus carpio) in Trail Creek based on elevated levels of PCBs and chlordane (the
Agreement objective for PCBs in whole fish is 0.1 ug/ g). The contaminated sediments and deteriorat-
ing water quality conditions likely result from a hazardous waste facility (Superfund site) located
adjacent to the creek and a confined disposal facility leaching directly to the creek.
Zebra Mussels in the Great Lakes
Recently the zebra mussel (Dreissena polymorpha) was reported in invertebrate collections in south-
eastern Lake St. Clair (59). This species is another in the grong list of introductions attributed to the
long-distance transport of ballast water in ocean-going ships. Although much of the basic biology of the
zebra mussel parallels that of the Asiatic clam (Corbicula ﬂuminea), it differs from the Asiatic clam (and
other introduced molluscs) in its ability to tolerate and proliferate in cold waters. Qualitative surveys by
Ontario MNR and MOE have revealed that the zebra mussel is abundant along the north shore of the
western basin of Lake Erie. It appears that zebra mussels will likely colonize Lake Ontario by the end of
1989. Dispersal into the upper Great Lakes above Lake St. Clair will be less rapid, but does seem
inevitable.
The zebra mussel undoubtedly constitutes a major negative impact to the lakes. It is extremely
proliﬁc (i.e. 30,000 eggs per female) and attaches to hard substrates exposed to currents. Thus, it fre—
quently colonizes industrial and domestic water intakes in massive numbers, thereby reducing water
flow through friction loss and eventual occlusion. It will encrust boat hulls, nets and navigation buoys,
and it also acts as an intermediate host to parasites, thereby affecting fish.
Efforts to prevent future introductions are in progress; these are discussed in Chapter 2.
Introduction of the Ruffe
Substantial numbers of the ruffe (Gymnocephalus cernuus), a small percid, have beencollected from
the St. Louis Bay and River near Duluth, Minnesota. First collected in 1986, a substantial breeding
population hasdeveloped; population estimates are currently 300,000 adults (58). The ruffe feed on the
eggs and larvae of other percids and Whitefish (Coregonus clupeaformis), often resulting in declines in
those species.
The ruffe originates from northern Europe and Asia, and appears to have been introduced via the
ballast tanks of oceanic vessels. Further discussion of this issue is presented in Chapter 2.
THE GREAT LAKES INTERNATIONAL SURVEILLANCE PLAN (GLISP)
‘ STATUS OF IMPLEMENTATION
Annex 11 of the Agreement states that the Parties shall develop and implement a joint monitoring
and surveillance program. GLISP, first presented in the Board’s 1975 Report and subsequent modifica-
tions, was recommended as the model for developing the binational surveillance program. In accor-
dance with GLISP, surveillance and monitoring activities are to be undertaken for the following pur-
poses:
To measure compliance with jurisdictional control requirements.
To measure achievement of general and specific objectives of the Agreement.
To evaluate water quality trends.
To identify emerging problems.
To support Annex 2 programs (RAPs and LMPs).
Other requirements include measurement of total loadings of pollutants to and from the lakes, the
adequacy of load reductions and schedules for same in LMPs, and the contributions of various media to
100
 human exposure to contaminants. The final requirement of Annex 11 is the development of ecosystem
health indicators for the Great Lakes.
Implementation of GLISP is extremely important to provide the necessary data to assess the state
of the lakes and their connecting channels. A central objective in the design of GLISP is the capability to
detect and monitor long-term changes and trends in designated parameters. Fundamental to the
success of GLISP in fulfilling this central objective is its full implementation. Past failures to implement
GLISP, either in terms of quantity (e.g. number of stations) or in methods (e.g. analysis, data interpreta-
tion, and reporting) have severely impacted the Board’s ability, in some cases, to evaluate long-term
trends and measure progress toward achieving Agreement objectives.
The Water Quality Board, therefore, recommends to the Commission that:
44. The Parties place renewed emphasis on the implementation of the Great lakes International Surveil—
lance Plan and report to the Board in the fall of each year the extent to which the Plan was imple-
mented in the previous year and plans for implementation during the coming year.
The Report should be provided by the Parties in a standardized format.
STATUS OF DEVELOPMENT OF VOLUMES 11 AND III
The current version of GLISP was distributed to the agencies and jurisdictions by the Board in
spring 1986. GLISP is divided into three volumes: I provides an overview; II provides the detailed
contents of the individual lake and connecting channels plans; and III is intended to provide a collation
of methodologies used by the agencies for implementing components of GLISP. GLISP calls for an
annual schedule for most operational components, with others to be conducted every three to five years.
In response to earlier criticisms, the current GLISP goes beyond traditional water chemistry parameters













































































































































































































































































































































































































































































































































evaluated for their utility in meeting the requirements of GLISP. Table 23 will be compared with those
programs and ongoing implementation of GLISP to recommend a ﬁnal list of common (core) programs.
SURVEILLANCE INITIATIVES
In the Board’s 1987 Report, the Surveillance Work Group (now Surveillance Subcommittee) re-
ported on a number of initiatives which were in progress. Three of these involved the development of
(or sponsoring) of workshops: Atmospheric Monitoring Workshop/Atmospheric Deposition Monitor-
ing Task Force, Tributary Monitoring Workshop, and Trace Metals Workshop. A brief update on the
results of each is provided below.
ATMOSPHERIC INPUTS
In response to the Atmospheric Deposition Monitoring Task Force’s recommendation for deploy-
ment of sophisticated master sampling stations to verify equipment and procedural capabilities, the
Parties subsequently established and are operating two stations in the basin. The Canadian master
station is located at Pt. Petre on Lake Ontario. US. EPA is operating a station at Green Bay, Lake
Michigan; this is an integral part of the Green Bay/Fox River Mass Balance Study currently being
conducted by US. EPA. The ﬁnal location of the United States master station is yet to be decided.
Information from these stations will be invaluable to improving routine atmospheric network stations in
the Great Lakes basin.
TRIBUTARY MONITORING WORKSHOP
The Board noted in its 1987 Report that current tributary monitoring programs in the basin suffer
from several weaknesses, ranging from a general erosion of these programs to scientific and technical
problems associated with actual sampling. The Board also noted that a joint workshop would be held to
address the development of a consistent, basinwide tributary monitoring program. A workshop focus-
ing on the development of a monitoring strategy to collect the necessary data for accurately estimating
conventional and contaminant pollutant loads was held, and the proceedings are currently being
compiled. The proceedings were to be used for a second-phase workshop which would address the
basinwide network requirements of GLISP; however, the future of Phase II is in jeopardy because of
limits to Board funding.
METALS WORKSHOP
In its 1987 Report, the Board noted concerns expressed by several investigators that much of the
metals data for the open lakes were suspect, due either to analytical problems or sample contamination.
A working group was formed and developed a protocol for sampling, sample handling, and analysis of
low-level trace metals. In conjunction with this activity, the Surveillance Work Group cosponsored an
International Trace Metals Workshop in Hamilton, Ontario on August 15-18, 1988. Papers were invited
on any aspects of the sources, fate, effects and cycling of metals and metalloids in lake ecosystems. The
three main themes of the conference were: a) current understanding of the extent of trace metal con-
tamination of lakes and the methodological difficulties in trace metal measurements in freshwaters; b)
the effects of lake acidification on the cycling and bioavailability of trace metals in lakes; and c) similari-
ties and differences in the linkages of trace metals and nutrient cycles in marine and lake environments.
A selection of contributed papers was published in a special issue of Science of the Total Environment.
The success of the conference is reﬂected by the fact that the theme of the conference has been
expanded, and a Second International Conference on Trace Metals in the Aquatic Environments has
been scheduled for 1990 in Australia.
FUTURE DIRECTIONS
The Board has a continuing responsibility under the terms of the Agreement to report on the "state
of the lakes.” Such reports are based on information submitted to the Board by the Parties. Past reports
have generally been based on meeting the requirements stated in GLISP; these requirements were stated
above. This form of basic reporting should continue, since it forms a fundamental cornerstone for
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context. One potential approach might be to describe, where possible, the links between contaminant
inputs, concentrations and effects such as tumours, reproductive problems, and deformities in fish,
birds, wildlife, and humans. In particular, the report should be written in terms which are more mean-
ingful to the public. Accordingly, the Board, in consultation with the Science Advisory Board and the
Great Lakes Fishery Commission, has undertaken to develop a comprehensive “effects-oriented” report
on the state of the lakes. The Board anticipates that the first such report will be provided to the Com-
mission in about three years.
SUMMARY AND RECOMMENDATIONS
AQUATIC ECOSYSTEM STATUS
The point source phosphorus control program implemented under the 1972 Agreement has been
largely successful. Major reductions in phosphorus loadings to each of the lakes have resulted from
considerable progress towards compliance with the 1 mg/L phosphorus efﬂuent limit; see Chapter 2 for
additional discussion. The phosphorus control program has been successful in maintaining the nonde-
gradation objective for Lakes Superior and Huron and for improving the status of Lakes Michigan, Erie
and Ontario and Saginaw Bay. These reductions are reﬂected in phosphorus concentration trends,
particularly in Lakes Erie and Ontario. However, the precipitous declines in phosphorus concentrations
noted for these lakes in the 1970s have levelled off, with some increases noted over the last five years,
particularly in Lake Ontario. Spring phosphorus concentrations in Lake Ontario are now ﬂuctuating
around the 10 ug/ L "acceptable" concentration used to detemiine the target phosphorus load for this
lake. It appears that oxygen depletion rates in the central basin of Lake Erie are also decreasing.
Comparison of modeled changes in phosphorus concentrations (based on reported decreases in
phosphorus loads) with surveillance data showed close agreement between expected (i.e. modeled) and
measured concentrations, supporting both the appropriateness and effectiveness of the original point
source phosphorus control strategy. A key observation from the model simulation, however, was that
reducing the loading from all remaining point sources not now in compliance withthe 1 mg/L efﬂuent
limit would have little further long-term effect on lake concentrations. The results suggest that, if
further significant gains are to be achieved to reduce inlake phosphorus concentrations, more emphasis
must be placed on the control of phosphorus from nonpoint sources. The model results also appear
consistent with the ﬂuctuating phosphorus trends observed recently\in the lower lakes. The Board
emphasizes the continued need to attain further compliance with the 1 mg/L phosphorus efﬂuent limit
and to emphasize the nonpoint aspects of phosphorus control. As further significant reductions are
sought, nonpoint source inputs of phosphorus to the Great Lakes basin (including atmospheric inputs)
must be given even higher priority. This points to the critical importance of the Parties’ Phosphorus
Load Reduction Plans.
Nitrate-plus-nitrite concentrations continue to increase in the Great Lakes. This increase, in
association with the reduced phosphorus concentrations noted above, has significantly altered the
nitrogen-to—phosphorus ratio in some lakes. Such shifts have the potential to impact phytoplankton
community structure which may, ultimately, change food web dynamics in lakes. To date, no adverse
impact of the effects of increasing N03+NO2 levels have been documented in the Great Lakes.
Current concentrations are well below the 10 mg/L maximum acceptable concentration in drinking
water for the protection of human health.
CONTAMINANTS
Between 1969 and 1972, legislation was enacted in both countries to restrict or ban the production
and use of dieldrin, heptachlor, DDT, PCBs and mercury. Production of mirex in the basin ceased in
1976. In response to these regulatory actions, concentrations of these chemicals in fish and fish-eating
birds have declined significantly. However, the precipitous declines observed in the 19703 have levelled
off, and subsequent data in the 19805 are more difficult to interpret with respect to consistent trends.
Nearshore data (based on a variety of biological indicator organisms) suggest that inputs of a number of
these chemicals to the Great Lakes are still occurring. Fish from each of the Great Lakes still exceed the
Agreement objective for PCBs (0.1 mg/kg). While available drinking water data show, with few excep-
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 tions, that all raw water supplies are within current drinking water guidelines, fish consumption adviso-
ries for PCB, mirex and mercury still continue for some species and size classes of fish.
AREAS NOT MEETING THE OBJECTIVES
Investigations have continued to describe the environmental conditions in the Black River (New
York) and at Presque Isle/ Erie, Pennsylvania, both identified as emerging issues in the Board’s 1987
Report. PCB concentrations in young-of-the—year spottail and emerald shiners from the Black River
have ﬂuctuated at levels exceeding the Agreement objective; continued monitoring is warranted.
After re-evaluation of the data from Erie Harbor, the Board re—emphasizes its concerns related to
the observed and potential use impairments of the area and the need for a comprehensive investigation
of the problem. The Water Quality Board recommends to the Commission that:
42. The Commission request the United States, in consultation with Pennsylvania, to designate Presque
Isle/Erie Harbor as an Area of Concern.
The Board commends Pennsylvania for its proposed study program, aimed at assessing the 14 beneﬁcial
use impairments described in Annex 2 of the Agreement. The results of these studies, when complete,
would very likely provide a comprehensive Stage 1 RAP.
The Board expresses concern about another area, Trail Creek (Indiana), because of recent data
indicating substantial heavy metal contamination of sediments and the water column, in addition to
recent fish consumption advisories due to high PCB and chlordane concentrations.
PROCESS FOR DESIGNATION OF AREAS OF CONCERN
The Board notes that there are other degraded locales in the basin that are not Areas of Concern.
Inequities have become apparent when evaluating their relative degradation. Often wide-ranging and
diverse data sets exist for distinct areas in the basin, making comparisons difﬁcult. Thus, evaluation of
additional areas for designation as an Area of Concern necessarily becomes subjective. The Water
Quality Board recommends to the Commission that:
43. An equitable process be developed to comprehensively and objectively evaluate areas for designation as
Areas of Concern.
EXOTIC SPECIES
Introduction of exotic species via ballast water has allowed two prolific organisms access to the
basin. Both the zebra mussel and the ruffe, first identified in 1987, are expected to spread rapidly, and
have already had effects on the Great Lakes. The zebra mussel, which attaches to water intakes, boat
hulls, and fishing nets, has been found in extremely high densities in western Lake Erie. The ruffe, a
small percid, could cause declines in Whitefish and perch populations in the St. Louis River (Duluth/
Superior Harbor).
GREAT LAKES INTERNATIONAL SURVEILLANCE PLAN
The Great Lakes International Surveillance Plan (GLISP), first presented in the Board’s 1975
Report, was recommended as the model for developing a binational monitoring and surveillance
program. GLISP consists of three volumes: an overview; the individual lake and connecting Channel
monitoring plans; and detailed methodologies used for implementing components of the plans. Due to
constraints on the Board’s budget, no progress was made to complete Volume II (specifically, no plans
exist for Lake Superior, St. Marys River, St. Clair and Detroit River) or develop Volume III. When
resources become available, Volume H will be completed, and then the development of common pro—
grams (those programs considered critical for determining spatial and temporal trends) will be finalized
for all lakes and connecting channels.
Implementation of GLISP is extremely important to provide the necessary data to assess the state
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5 TOWARD THE FUTURE
INTRODUCTION
In an age of seemingly endless environmental problems and only modest resources to address
them, crisis-response has become the status quo in environmental management. Our path to the future
is too seldom charted by strategic planning; it is perhaps best described as a continuous series of adjust-
ments to emerging problems. As a consequence, we often view the future as something beyond our
inﬂuence, as a predetermined set of events to be accommodated, not controlled.
This philosophy, of course, is misguided and must be rejected. It is inconsistent with the intent of
the Agreement and the ecosystem managment objectives embodied therein. In its Fourth Biennial
Report (34), the Commission reiterated the importance of "shifting emphasis toward the future and
away from short-term considerations in order to anticipate and prevent problems rather than simply
react to them.” In their report, the Commission also asserted that "future socio-economic as well as
environmental imperatives must be addressed concurrently and in a systematic way.” The Agree-
ment provides the framework for this emphasis. Indeed, the Board prefers to attempt to inﬂuence the
future by preparing for it.
Anticipation and prevention are essential to sound environmental management. In the rapid pace
of today’ 3 world, local, regional and global changes loom in economies, public attitudes, technology,
political trends, social needs, health issues, climate, population, land use, and energy. Change in each
aspect of contemporary life combines with change in other aspects, and can induce even greater or more
rapid change in still other aspects. Unless the Great Lakes region is prepared for the future, environ-
mental problems and major cost impacts cannot be prevented.
The concept of sustainable development is fundamental to the philosophy of prevention, recogniz-
ing the interdependency and inextricable linkage between environment and economy. As the Fourth
Biennial Report explains, "individual pollution control measures often make good economic sense not
only for society as a whole but for individual polluters due to improved economic efficiency” (34). By
applying the concept of sustainable development, we can assume that environmental protection and
economic development occur in harmony rather than in conflict. Fostering sustainable development in
the Great Lakes basin demands that we assume “ownership” of our future. Anticipatory activities and
preventive measures play a decisive role in both environmental and economic planning. Governments
in several jurisdictions within and beyond the Great Lakes basin have begun to establish Environment-
Economy Round Tables comprising representatives ofbusiness, labour, academe, environmental
groups, and government to foster and promote environmentally and economically sustainable develop-
ment.
This chapter presents a series of current and emerging management issues that must be addressed
































































































































































































































































   
embrace the concept of sustainable development and the environment-economy linkage it recognizes. In
so doing, the future holds promise for attaining the objectives of the Agreement and making contribu-
tions that extend well beyond the conﬁnes of the Great Lakes basin.
GLOBAL CONSIDERATIONS
Contemporary environmental studies are rapidly discovering the levels of global sensitivity to
impacts of human activity. Some of the most important at this time are the predicted global climate
changes associated with the “greenhouse effect,” and the increase in ultraviolet radiation reaching the
surface of the earth as a result of the destruction of the ozone layer. Many of the models used to forecast
these events are relatively imprecise, and fairly coarse in their spatial and temporal precision. The
developers of these models would readily concede that the models afford only limited accuracy in their
forecasts. However, the range of potential impacts for some future scenarioscould have devastating,
pervasive effects on human society and the human condition. It is generally conceded that the worst
impacts will fall to the Third World countries with the least development and resources to contend with
the impacts on food production, human health and other aspects of social well-being. However, even in
the United States and Canada, there are potential effects on ocean levels, coastal areas, and overall food
production. Climatic changes themselves could affect the amount and distribution of precipitation, as
well as wind and other weather patterns.
Dramatic species shifts and simplification of the ecosystem could result, including an increase in
rates of desertification. Such environmental effects could induce increased demands for water supply
and wastewater management in the Great Lakes. The effects on economic and political institutions are
impossible to forecast at this time, as are effects on navigation and transportation. Even the question of
net effects on precipitation, whether the Great Lakes will be wetter or drier on a seasonal basis, is not
clearly established by such models. Adverse effects on current distributions and abundance of plants
and animals, however, are clearly foreseen. The unanimity of such predictions is alarming, as is the
unanimous agreement that the time-rates of such impacts cannot be predicted with any accuracy using
currently available analytical and predictive techniques. Planetary scientists have argued that the
compelling limitation on modeling of these phenomena is that the rates of change in these events will be
beyond the scale of human experience - perhaps beyond the planetary experience.
The significance of these predictions is in the magnitude of potential environmental changes. The
uncertainties expressed by the scientific community demand an intensive effort by all countries to
participate in system-oriented data collection and modeling precision improvements. This precision in
forecasting is necessary if we are to mitigate future resource conﬂicts based on demands for Great Lakes
water.
ADVANCING A TOXIC SUBSTANCES MANAGEMENT STRATEGY
Both the Board and the Commission have urged the further development of a comprehensive toxic
substances management strategy for the Great Lakes Basin Ecosystem. Such a strategy must be consis-
tent with the policy of the Parties to prohibit the discharge of toxic substances in toxic amounts, and to
virtually eliminate the discharge of any or all persistent toxic substances. The intent of such a strategy is
to protect human and aquatic ecosystem health by minimizing the exposure to and, hence, the risk from
contaminants. Such a strategy must be both reactive - focusing on contaminants already in the ecosys-
tem and on the control of contaminants in waste streams - as well as proactive - focusing on measures to
reduce or eliminate the generation of additional quantities of contaminants. Thus, the strategy must be
designed to reduce and eliminate loadings and to remove pollutants already in the system.
The existing regulatory framework of the Parties and Great Lakes jurisdictions has resulted in
substantial progress toward achieving the above-stated goals. Additional progress is being achieved
through development and implementation of additional measures, for example, through the strengthen-
ing of existing standards and the tightening of regulatory controls, resulting in stricter requirements for




inherent limits to the existing regulatory framework and the extent to which
the above goals can be achieved, especially for persistent toxic substances.
A
number of these limits are
enumerated below.
The Board also proposes actions to address these limits.
The Board considers these
actions to be supplemental to, and can be incorporated via the current regulatory frameworks.
ECOSYSTEM PROTECTION FROM MULTIPLE EXPOSURE
Many regulatory programs are medium speciﬁc, i.e. focus on preventing the entry of a contami-
nant into water, land, or air. While the impact on one medium may be mitigated by a control action, the
impact for another may be heightened, especially if regulations are less stringent for the latter. Rather
than creating media- specific regulatory actions, programs should be undertaken to protect a particular
receptor from multiple exposure routes. For example, an acceptable daily intake for a contaminant in a
food product must also take into account exposure from inhalation of air, ingestion of water, and
consumption of other food products.
In this way, the consequences of actions taken to prevent the entry
of a contaminant into one medium are acknowledged and accounted for in other media.
An additional benefit of this approach to ecosystem protection is that the regulatory framework
and institutional infrastructure would be simplified, as would communication, permit issuance, and
enforcement.
There would also be increased incentive to control persistent toxic chemicals at the source
of generation or point of use to protect the Great Lakes Basin Ecosystem.
ASSIMILATIVE CAPACITY AND NO-EFFECT LEVEL
Many historical environmental protection laws and programs were designed to address conven-
tional pollutants, i.e. those that would degrade or leave the system, so that the integrity of the system
would be retained. A no—effect level and a carrying capacity for the system were assumed, and efﬂuent
limits were set accordingly. A standard or efﬂuent limit presupposes that some acceptable amount of a
contaminant can be released.
Because of their long residence time in the ecosystem, their mobility and ability to bioaccumulate,
uncertainty about their environmental fates and sinks, and questions about whether a no-effect thresh-
old level exists, the concept of an allowable, ’safe’ discharge concentration or quantity is far more
difficult to apply for persistent toxic substances. Different approaches will ultimately be needed.
Technologies must be developed to prevent the release or to eliminate the use or creation of such
substances altogether. Where substances cannot be eliminated, environmental decisions will be made in
the presence of constantly improved levels of detection and quantitation. The “absence” or "zero level”
of a chemical will not occur as often, as analytical technology improves. The consideration of these
issues will be an essential feature of the many steps needed to achieve the long-term goal of eliminating
the discharge of persistent toxic substances.
CONTROL VERSUS REDUCTION AND ELIMINATION
The focus of most toxic substances programs is on the control of contaminants to prevent their
dispersal throughout the ecosystem. Such measures are essential to deal with extant contaminants. The
result is a waste that must be managed, e.g. a contaminated sludge that must be incinerated or
landfilled. However, such measures may not prevent the entry of the contaminant into the ecosystem
but may only lead to a change in the location, timing, and rate of that entry.
Such control programs will always be necessary. However, any strategy for managing persistent
toxic substances must seek to reduce and eliminate their generation in the ﬁrst place. The Board advo-
cates source reduction — identification and elimination of the source or process that generates or releases
persistent toxic substances into the waste stream, through chemical substitution or modification, or
replacement of the production process.
UNCERTAINTY IN SCIENCE AND MANAGEMENT DECISIONS
Proof that a relationship exists between a particular contaminant and a particular observed effect
in the Great Lakes ecosystem would provide a sound basis for instituting protective controls. How-





























capability and capacity exist within the present realm of science to address, much less resolve the range
of issues that confront us today. Further, the scientific data and conjecture that do exist are often open
to interpretation or criticism. This could lead to inaction, which is unacceptable, especially if the
environmental risks are extremely high and the hazards are pervasive.
Scientific information is one side of the coin; experience and common sense are the other. Past
experiences have demonstrated the consequences of our lack of full action. We should be able to
project, based on our experience and our common sense, and act accordingly. Our decisions and
actions, of necessity, must be driven by informed professional judgement - a common-sense approach
relying on the available scientific facts, the foreseeable outcomes, and the impacts of those outcomes.
The Brundtland report recognized this problem, calling on government to act with prudence in view of
the weight and direction of the evidence. The challenge before us is to relate these common-sense
environmental decisions to the real-world economic decisions, by relating both to the notion of sustain-
able development.
CONSTRUCTIVE APPROACHES TO ENVIRONMENTAL PROTECTION
The historical philosophy for environmental protection has been reactive, that is, standards are set
and control actions taken only after harm has been proven. Proof of harm or, at least proof of environ-
mental effect, has been required before action is taken, rather than proof of safety before a discharge was
allowed. Two examples are the response to PCB and DDT contamination.
This philosophy is changing and is reﬂected in the wording of more recent legislation; however,
the rate of change must be accelerated and the regulatory framework must be made less litigious. The
litigation process is generally destructive, wasting time, money, and the goodwill of those involved.




Because contamination does not recognize political boundaries, contaminant levels in one jurisdic-
tion are inﬂuenced by regulatory actions taken by other jurisdictions. Therefore, the measures applied
in all jurisdictions must be comparable. Further, the regulatory process within a jurisdiction must
specifically acknowledge the rights of, and the impact of regulatory actions on, other jurisdictions in
dealing with such a mutually shared problem as persistent toxic substances. Of special note are the
efforts of the states and provinces (with the assistance of the Parties) to effect compatible programs
within all the jurisdictions, by implementation of the Memorandum of Understanding on Control of
Toxic Substances among the Great Lakes premiers and governors.
Additionally, efforts must be conceived and applied to involve those political entities which impact
the Great Lakes via airborne toxics deposition, yet are not parties to the Agreement.
' CONTROL STRATEGIES
In the United States and to some extent in Canada, regulations and standards are set at a relatively
high level of government and implemented at the local level. This style of environmental regulation
may not be the most appropriate for the complex water quality problems faced in the Great Lakes Basin
Ecosystem today.
A
recent study (35) found that the most successful cases (i.e. least pollution) occurred
where both local government officials and local plant management assumed a central role in the articu-
lation of the problem, selection of the appropriate response, and implementation of the solution.
It
concluded that the important decisions in environmental control systems ought to be as close as possible
to the location where the physical consequences of the decision will be felt.
Another important finding was that the spirit of mutual cooperation was critical to arriving at a
decision that was better than what either industry or government would/ could have done alone. Where
one party manifested mistrust it soon spread to others. And contrary to conventional wisdom in the
traditional approach to regulation of environmental pollution, the strictness of the legally established
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limit had little to do with actual success in controlling pollution. Limits perceived as very strict either
were not met or were delayed through litigation tactics. Limits perceived as reasonable were more
readily achieved. In some instances the reasonable limits were more stringent than the strict limits. The
results of this study reinforce the need to create and maintain partnership efforts for the Great Lakes, or
to have the regulatory programs based on consensus and partnerships rather than to rely on regulatory
programs alone.
The RAP process represents a significant shift toward environmental decisionmaking at the local
community level. Through the public consultation programs of each RAP, local industries, govern—
ments, and citizens are setting goals cooperatively for their Areas of Concern and providing input to the
selection of appropriate remedial actions to achieve these goals.
RAPs address identiﬁed existing problems. In establishing "prevention of new problems” as a new
element of environmental management, the future could show different ways of applying economics to
get environmental results. Water pricing policies, tax and investment policies, waste tariffs, waste
reduction rebates, or other economic mechanisms should be considered and tested - perhaps even
nurtured. These approaches may complement regulation, cooperation, and education by preventing
environmental problems.
DEVELOPMENT OF BEST MANAGEMENT PRACTICES
As efforts gain momentum for the management of nonpoint sources of pollution, it is reasonable to
expect advances in best management practices for storm water and snow melt control. Development
plans which include storm water management provisions will be important as a preventive activity in
management of water quality of the Great Lakes. Other nonpoint source controls and land management
practices will become important parts of the management effort. Sediment control practices may reduce
the introduction of toxicants into the Great Lakes and its tributaries. It might also become possible to
use advanced hydrologic and sedimentation methods in order to effectively capture the toxic substances
already in the aquatic system, through a network of sophisticated and easily maintained sediment traps.
Similarly, best management practices might become important in the management of air pollution
sources.
Better use of existing technology, by deﬁnition, will include the application of techniques from
other geographic or technological areas into the management of Areas of Concern in the Great Lakes. It
may be possible to transfer techniques from the mining industry, from hazardous waste management
programs, from the Superfund program, or from agriculture. Land and waste reclamation activities or
recovery techniques may all provide useful insights. The global experience in management of sediments
in maritime ports and harbours may provide some future insight into technologies and funding mecha-
nisms. Thus, a blending of fields of technology might open new solutions to multi-media environmental
problems.
INSTITUTIONAL ARRANGEMENTS
In a future of novel problems and innovative solutions, it is reasonable to expect that innovation in
institutional arrangements will be a part of the answer to Great Lakes management. Involvement of the
US. Army Corps of Engineers outside of navigational channels, the application of certain park manage-
ment principles to underwater resources, the use of new institutional arrangements for long-term care
and maintenance, the development of new funding mechanisms like the proposed Great Lakes Protec-
tion Fund - all of these and many other potential approaches as yet unimagined could be brought to
bear. This can happen only if attitudes and the institutional environment are open to embrace new ideas
along these lines, and if mechanisms (“change agents”) are available to search for such ideas, to test
them, and to apply them.
MARKETING AS A MANAGEMENT TOOL
With better interpretation and communication techniques to disseminate technical information
about the Great Lakes and its ecosystem, the stage will be set for greater use of “marketing” as a man-






   
ment principles may become an essential tool to the human-resource relationship. Only through the
availability of sophisticated information handling techniques will it be possible to advance Great Lakes
quality management concepts through marketing techniques. Some marketing methods may be applied
to public education, as well - perhaps through the development of public images and or personalities
contributing to the management of the lakes. For example, it might be possible to create a public image
of an aquatic life form to represent Great Lakes water quality. This could serve as a symbol of the Great
Lakes in much the same way as Smokey the Bear represents forest protection in the United States.
Environmental programs could then be promoted throughout the basin using this recognized symbol of
the Great Lakes.
RISK MANAGEMENT
Risk analysis and risk management techniques have become tools central to managing the lakes.
Under risk analysis and risk management techniques, the available information is used to quantify risks
within the known routes of exposure to selected organisms inhabiting the Great Lakes. These differ
from risk-benefit analyses which fall more under the rubric of cost-benefit analyses.
Risk analysis can provide useful insights into the trade-off decisions which are made (explicitly or
implicably) under various decision scenarios. From equity or economic efficiency, it might be argued
that consistent approaches to levels of risk should be sought among the jurisdictions for each lake and
among the various lakes.
But historically, such techniques of managing for uniform risk levels have not
been able to be applied to decisions about remediation in a way which will structurally integrate uncer-
tainty, economics, ecosystem health, public welfare economics, and the politics of social decisionmaking.
It may be expected that more research and development will occur in the development of risk
analysis and risk management techniques.
The same is true of the related ﬁeld of "risk communication,”
whereby affected and interested publics are given information in a way that will not bias their reaction,
thus clearing the way for more rational public policy decisions.
The application of water quality antide-
gradation rules, and greater use of mass loading limits for persistent toxic substances may be expected






In the search for reduced costs and cleaner wastewater discharges, pollution techniques will be
substantially advanced in the future.
New





technical field of controlling atmospheric release of
pollutants from




sludge management, and urban and rural nonpoint source
pollution control techniques will emerge.
New
monitoring technologies will also be essential if the
necessary levels of detection are to be obtained with the limited fiscal resources available.
Historically,
» such techniques have emerged, but the rate of societyfs ability to cope with new
environmental prob-
lems will be directly related to the development time for new




wide variety of technologies will be needed
to reduce the amount
and
toxicity of waste gener-
ated, or to eliminate them altogether.
Reduction of waste at its source requires public and
private
actions and integrated, cooperative efforts by the two sectors.
It is reasonable to expect many alterna-
tive roles to emerge to deal with this issue.
The future will likely present a series of models with differ-
ent “mixes”
for this public/private partnership in waste reduction.
Similarly, alternative regulatory or
incentive methods will probably be tried in various jurisdictions in order to achieve waste reduction.
As waste reduction becomes a more frequent solution to problems, it is also likely that a greater
tendency will exist to consider the banning or limitations on use of specific substances found to be
problems for the ecosystem.
Traditional regulatory roles will be challenged by the need to seek addi-
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tional opportunities for process changes, and reuse and recycling in the industrial sector. Waste recov-
ery and material substitutions have not historically been the realm of environmental management
agencies. Neither have these agencies utilized public information, education and industrial outreach
activities as primary tools in the "command and control” mode of operation. To cope with such future
change, it will be essential to place greater emphasis on long-term economic and environmental benefits
of waste reduction, rather than the short-term benefit of waste control.
BIOTECHNOLOGY
As in the case of mechanical equipment, chemicals, and electrical components, it is also true that
biotechnology can be a force for positive or negative environmental impact. Such genetic engineering
technologies may hold great potential for solving contaminated sediment problems, but could also cause
new problems through the disruption of biological systems of the Great Lakes. Impacts on nontarget
organisms or food webs, or the introduction of alien species can affect natural habitats and ecosystem
stability. Potential advantages could be significant for improving industrial and municipal waste
treatment processes, without brick-and-mortar changes to treatment systems.
Biotechnology may offer the potential to control exotic species which have been introduced into the
lakes, through precise population controls or selective predation. Similar statements could be made
about the creation and use of artiﬁcial substrates and structures (e.g. islands or spawning reefs) under
the surface of the Great Lakes, or about the application of high temperature super-conductivity discov-
eries of recent years. Integrated pest management could result in the reduced use of toxic pesticides and
could serve as an alternative solution, in the event that it becomes necessary to ban selected pesticides.
It is essential that the Great Lakes community be prepared to manage new technologies within the
framework of the public interest objectives which are the responsibility of the Great Lakes institutions.
These matters will present controversial policy issues for groups interested in biological integrity;
pristine, pre—settlement conditions; or the ecosystem approach to management.
INFRASTRUCTURE REHABILITATION
In 1987 water uses (instream and withdrawals) totalled over 665 billion gallons per day (BGD);
over 18,000 gallons per basin resident per day (36). This included almost 5.5 BGD for public water
supply and 7.7 BGD for industrial supply. The efﬂuent treatment demands of these and other uses are
clearly substantial.
A massive physical infrastructure for water supply and wastewater treatment inﬂuences water use
patterns, residential and industrial development, and virtually all other quantity- and quality-dependent
resource uses. Thus, issues of infrastructure maintenance, rehabilitation and expansion are of vital
importance as we shape the future of the Great Lakes basin. The magnitude of the task is monumental,
and policy decisions made today will have long-term implications that must be carefully considered.
WATER SUPPLYAND WASTEWATER TREATMENT
A substantial portion of the basin’s industrial sector relies on the withdrawal (and consumptive
use) of water resources. For decades, management of the water supply infrastructure was characterized
by a preoccupation with expansion to accommodate increased demands. Rehabilitation, when under-
taken, was largely in response to infrastructure failures; preventive maintenance was historically af-
forded a low priority. As a consequence, an aging infrastructure with compromised efﬁciency now
demands rehabilitation, while continuing pressure on the resource places added demands for expansion
and enhanced maintenance. A critical factor in this scenario is the present era of ﬁscal austerity in which
even maintaining the current status of the infrastructure is a challenge.
Infrastructure rehabilitation needs for water supply defy precise quantiﬁcation, as comprehensive
inventories of distribution systems do not exist at the Great Lakes basin level or at the domestic United
States and Canadian levels. To place the matter in perspective, however, various estimates for replacing
or renovating major urban distribution systems in the United States are in the area of $58 billion per
year over a 20-year period (61). In Canada, one study estimated that $50 million per year for 50 years
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would be required to rehabilitate or replace all water mains in Ontario over 50 years old (62). While
Great Lakes basin-specific ﬁgures have not been determined, it is clear that financial constraints to
undertake such a comprehensive program are overwhelming.
The wastewater treatment infrastructure in the Great Lakes basin, while differing markedly
from
its water supply counterpart in many respects, is also at a critical juncture. Development of this infra-
structure accelerated in 1972 in response to the general and specific objectives of the Agreement and, in
the United States, the provisions of the federal Clean Water Act. As of 1989, over $10 billion in state,
provincial and federal funds (United States and Canadian) had been spent on, or committed to the
construction of municipal sewage treatment plants. The construction and upgrading program has
improved an extensive basinwide infrastructure that now includes over 400 major municipal discharges
(greater than 1 MGD) in the eight Great Lakes states and Ontario. While compliance with efﬂuent
guidelines established for conventional pollutants in the 1972 and 1978 Agreements has not yet been
fully attained, the program has been hailed as a continuing success story in the binational cleanup effort.
The basin’s continued upgrading and expansion of municipal wastewater treatment and sewerage
system infrastructure is vital to safeguard past improvements in water quality while meeting emerging
demands.
Escalating costs for new construction and renovation of existing facilities, coupled with
major shifts in traditional financing arrangements, pose significant challenges for the future. While a
basin-specific figure is not available, an indication of the magnitude of the challenge is found in a 1984
US. EPA
estimate of almost $200 billion to address the United States’ municipal sewage treatment needs
to the year 2000.
CHALLENGES
Two key challenges are of paramount importance.
First, aging facilities in need of enhanced
maintenance, rehabilitation or outright replacement are forcing a departure from a long-standing,
primary focus on new construction to meet growing demand.
Second, increasingly severe budgetary
constraints, coupled with a departure from traditional funding arrangements, are forcing a new look at
all areas of financing infrastructure construction, operation and maintenance.
New
approaches to reviewing and managing the basin’s infrastructure needs are required if the
general and specific objectives of the Agreement are to be realized.
0
Infrastructure development must be viewed
as a means to direct and limit growth rather than
merely respond to it.
0
The use of new
technologies and procedures for water supply and wastewater
treatment will
be required
to fully address stringent water quality standards and improve distribution
efficiency.
0











planned phase-out of United
States federal funds for wastewater
plant construction demand
a fundamental review of historical financing options and
careful
consideration of the array of "creative financing” options.
Consideration should be given to
options such
as full cost recovery for services through user fees, revolving loan funds, crea-
tion of trust funds, creation of state bond
banks, privatization of services, and
others.
THE ROLE OF RESEARCH
It will be increasingly difficult in the future to achieve a match between research programs and the
important questions that must be answered.
Should the questions be forced to fit what science can do,
or should a new
approach to science be developed to address the real questions (which tend to be
complex and related to systems implications)? The rapid changes occurring in environmental condi-
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tions suggest that responsible management must be able to use research results more directly and more
promptly.
In fact, research may be needed on how
to carry out research that is relevant to the Great
Lakes Basin Ecosystem.
Considerable emphasis has been
placed on developing "mass balances” for toxic chemicals in the
Great Lakes Basin Ecosystem.
Clearly this cannot be done in the same manner
as that developed for
phosphorus (given the large
number of trace contaminants).
Again, can researchers develop alterna-
tive, workable approaches?
Can researchers develop workable ways to address the reality of mutual
and multiple causes?
A practical example relates to whether science can tell us much about the additive
and synergistic effects of chemicals on living organisms.
How
can researchers develop predictive models that are relevant to managers with particular
emphasis on RAPs?
How can demonstration projects to rehabilitate Areas of Concern be organized in a
research mode so as to learn? What are the underlying hypotheses that can be tested with regards to
rehabilitation of Areas of Concern?
Increased emphasis on the experimental manipulation of enclosed
ecosystems to develop management approaches may be a useful approach.
What role does research have to play when society has decreed that the onus should be on those
who would introduce change or new potentially dangerous products? What are the implications for
research (including statistical aspects) if one assumes that there is an effect unless shown otherwise (i.e.
the opposite of the traditional null hypothesis)?
Further, how can scientific expertise and judgement contribute when there is and always will be a
lack of precision in data (i.e. loadings of persistent chemicals) and considerable uncertainty as to the
behaviour and impact of chemicals? In an era of increasing complexity, do scientists have an obligation
to express opinions when their data lead them to believe that there could be serious risks associated
with their findings?
In the near future, Great Lakes research should aim to clarify some of the relationships between
eutrophication, contamination, and sedimentation processes. From an overall systems perspective, we
need to develop a better understanding of the role of sediments (as sinks, sources, and modulators) in
the eutrophication and contamination problems.
Research is needed to seriously address the human health /ecosystem relationships in a balanced
and credible manner. What lines of evidence are relevant (and if not, why not)? Does science have an
obligation to go beyond the data to try to interpret different lines of evidence? This area brings many
problems together: multiple and mutual causes, long latency periods, circumstantial evidence, etc. All
too often the current approaches result in science reinforcing existing decisions, but is the science valid
or even relevant to complex systems problems? Somehow it seems strange and very risky that we can
argue that toxic chemicals are relatively harmless to humans when we have increasing evidence of their
impact on other forms of life (e.g. mink, gulls, eagles, fish).
Research is needed to seriously address the social and psychological dimensions of individual and
societal decisionmaking. In particular, research should be conducted on the responses of humans and
their institutions to changing ecosystem conditions; why individuals, groups, and institutions do what
they do in behaviour, affecting the ecosystem. Crucial questions which need to be thoroughly explored
are the effects of beliefs and values on behaviour, the willingness of individuals to adopt more forward—
thinking attitudes in the choices they make, and industrial attitudes toward environmental risks.
Knowledge from the areas of risk perception and risk communication also would be relevant, as well
as research on changing value systems and on the kinds of information that will help to ensure that
more informed and responsible decisions are made. Finally, research is needed on the links between
water quality, ecosystem integrity, and water quantity (including ﬂuctuations in levels and ﬂows).
It seems that the only chemicals which have significantly declined in the Great Lakes Basin Ecosys-
tem are the ones which were banned or restricted (DDT, PCBs). If one is serious about the principle of
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zero discharge, is there any way that it can be achieved without prohibiting the production and use of
such persistent toxic chemicals? What does research have to add to this aspect of the Great Lakes water
quality program?
THE ROLE OF THE PUBLIC AND EDUCATION
Humans, at both the individual and societal level, can remember the past, perceive the present,
and imagine the future. This is how we learn, by guessing and correcting, by trial and reﬁnement.
Individuals learn throughout their lifetimes; societies learn and change continuously as long as they
exist.
Social attitudes change slowly, usually through a sort of evolutionary process, but they do change.
The future role of the public in restoring the integrity of the Great Lakes Basin Ecosystem may be similar
to the role of the public in restoring cleaner air in public places. People in the "environmental van-
guard” place a high value on a safe and clean environment and are strong advocates of social change.
People in the vanguard possess an awareness and concern about environmental problems, a belief that a
basic change in the nature of society is required to solve environmental problems rather than greater
technological developments, and a belief in the concept of limits to growth (37). The social component
of the Great Lakes Basin Ecosystem is in a period of transition. The attitudes associated with the envi-
ronmental vanguard are continuing to move into the mainstream.
Social learning can be accelerated by great challenges that create conﬂict within individuals and
systems. There is much evidence that we are facing such a challenge in the Great Lakes basin today, and
the gravity of the situation will bring about a readiness for change. Social learning and change can be
accelerated by social movements (i.e. the civil rights movement, the women’s movement, the environ-
mental movement). It can also be brought about by educational programs which provide rational
explanations. Formal and nonformal education are key motivators for creating change in our society. A
variety of initiatives occurring around the basin are encouraging greater use of Great Lakes topics in the
educational setting. These initiatives are discussed in the Science Advisory Board’s 1989 Report.
A good example of the public’s role in restoration of the Great Lakes Basin Ecosystem and their
readiness for change is the response to curbside recycling prograins in Ontario. Municipal officials
estimated that one in four households would participate in the recycling of glass, metal containers, and
newspapers, but recent media articles report that two out of three households are participating in the
voluntary program. Recycling companies, in fact, are having difﬁculty handling the volume of material,
but this is in a sense a happy problem. One factor in the popularity of this program may be the
conspicuous blue boxes that are used for the recyclable materials. Rather than “conspicuous consump-
tion” in many neighbourhoods, we seem to be experiencing “conspicuous recycling.”
Other recent initiatives along these lines are household hazardous waste days and government-
V subsidized backyard composting bins for organic waste. Other possibilities are composting toilets
which recycle human waste.
The public can also inﬂuence industrial behaviour to extraordinary levels by choosing not to buy
certain products. A recent example of this mechanism for change is the use of the chemical Alar on
apples. After health risks of Alar were publicized through the mass media, sales of apples dropped;
apple growers lost millions of dollars, and they voluntarily decided to stop using Alar on their apples.
All of this change was created with only limited knowledge of the true risk to the environment or
humans.
The public is reasserting its interest and support in sound environmental management. Involving
local communities and citizens in the development of RAPs is one step in the right direction. Such
involvement accepts that citizens are part of the evolving institutional structures. It is expected that, in
the future, more energies will be focused on discovering new ways to interact and share with the public.
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 "Earth Day - 1990” is approaching and should be cause for celebration of the environment. How-
ever, renewed resolve is needed more than ever to develop appropriate solutions to our local, regional,
and global environmental problems. Solutions are vital to the survival of life as we know it. Change in
human behaviour is needed to seek the harmony presently lacking between human activities and other
components of the ecosystem. Responsibility for change must rest with individuals, professionals,
corporations, and governments. Support for the environment must continue in spite of potential
impacts, such as on disposable income and personal lifestyles. This support may reﬂect, in part, in-
creased appreciation of the truly important challenges and opportunities (technologies, skills, jobs,
recreation) that are created.
CONCLUSIONS
The Great Lakes community has a great opportunity, perhaps unprecedented, to demonstrate a
regional-scale response to serious environmental problems. A cooperative binational cleanup and
protection response to these crises can be an important model for the rest of the world. Application of
political and technical methods in these circumstances is itself a challenge, but could provide the neces-
sary framework to modify the required institutional structures in an orderly manner, thereby allowing
effective response to changing environmental challenges. On a global scale the regional effects of these
trends will vary widely, and the existing political, institutional, and economic structures differ substan-
tially, as does the number of nations typically involved in such a shared regional problem as manage-
ment of the Great Lakes. Ideological differences may also hinder application of these techniques in
other countries. These problems, however, are believed by many to be inevitable challenges which must
be confronted. They present for the Great Lakes community an opportunity to demonstrate the value of
intelligent resource management by an educated, experienced, informed, and coordinated Great Lakes
environmental community.
If current trends in the identification and management of toxic substances in the Great Lakes
continue, there is cause to hope that the Great Lakes can provide an example of management of a
complex ecosystem, working through a fragmented political system of local jurisdictions. Enhanced
coordination of water pollution, air management, groundwater protection, and spill prevention and
control programs in the many jurisdictions across the basin would offer hope that major regional
environmental challenges can be addressed. This will be particularly true if the Great Lakes community
is able to apply sufficient innovative technical resources to protect the ecosystem and to successfully
advance the goal of zero discharge and virtual elimination of persistent toxic substances. More than
ever, it will require strong leadership in all segments of society to develop well balanced solutions and
to raise the level of awareness for better resource management within an ecosystem context. It will also
require a high level of trust, methods of dispute resolution, and local and regional commitment to
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This report uses the Systéme international d’unités, also called the metric system. The following




1 m = 3.28] feet
L
litre
1 L = 0.2642 gallons (U.S.)
g
gram
1,000 g = 1 kg = 2.205 pounds
t
tonne
1 t = 2,205 pounds
d day
a year
ha hectare 1 ha = 2.471 acres
COMBINATIONS
kg kilogram, 103 grams
mg milligram, 103 grams
pg microgram, 10‘ grams
ng nanogram, 10‘9 grams
cm centimetre, 10'2 metres
mL millilitre, 103 litres
m3/s cubic metres per second
1 m3/s = 35.31 cubic feet per second (cfs)
m3/d cubic metres per day
3,785 m3/d = 1 million US. gallons per day (MGD)
4,545 m3/d = 1 million Imperial gallons per day (MIGD)
kg/d kilograms per day
kg/t kilograms per tonne
t/a tonnes per year
ug/g microgram per gram part per million
mg/kg milligram per kilogram part per million
ug/kg microgram per kilogram part per billion
ng /kg nanogram per kilogram part per trillion
mg/L milligram per litre part per million
ug/L microgram per litre part per billion
ng/L nanogram per litre part per trillion
ug/LOa micrograms per litre per year
mg/mzod milligrams per square metre per day
CHEMICAL ACRONYMS
AOX Adsorbable organic halogen
BHC Benzenehexachloride















TOC Total organic chlorine
TSS Total suspended solids
"ITO Total toxic organics
OTHER TERMINOLOGY
BAT(EA)











CSO Combined sewer overﬂow
DEC
Department of Environmental Conservation
DFO
Department of Fisheries and Oceans
DNR
Department of Natural Resources
DOE




Food and Drug Administration









Great Lakes Fishery Commission
GLISP



















































































































Ms. E. Dowdeswell (Co-Chair)






Ontario Ministry of the Environment
25 St. Clair Avenue
East







Mr. E. T. Wagner




Ontario Ministry of the Environment
Ontario Region





































Ottawa, Ontario KIA 0L2
































































































































































Mr. Valdas V. Adamkus (Co-Chair)
Regional Administrator
US. Environmental Protection Agency
230 South Dearborn Street
Chicago, Illinois 60604
Mr. Peter C. Myers
Deputy Secretary
US. Department of Agriculture
14th & Independence Avenue SW.
Room 200A
Washington, DC. 20250
Mr. Lyman F. Wible
Administrator
Division of Environmental Standards
Wisconsin Dept. of Natural Resources
P. O. Box 7921
Madison, Wisconsin 53707
Ms. Barbara Lindsey Sims
Assistant Commissioner
Minnesota Pollution Control Agency
520 Lafayette Road North
St. Paul, Minnesota 55155
Mr. Richard M. Boardman
Associate Deputy Secretary
Office of Environmental Protection




Mr. Bernard Killian, Director






New York State Department of
Environmental Conservation
50 Wolf Road




Michigan Department of Natural Resources
PO. Box 30028
Lansing, Michigan 48909
Dr. Richard L. Shank
Director




FORMER MEMBERS - CHANGES SINCE 1987
Mr. Lovell E. Richie
Minnesota Pollution Control Agency
Ms. Nancy A. Maloley
Indiana Department of Environmental
Management
Mr. Richard J. Carlson
Illinois Environmental Protection Agency
Mr. Henry G. Williams
New York State Department of
Environmental Conservation
SECRETARY
Dr. Michael A. Zarull
Great Lakes Regional Office
International Joint Commission
I!
100 Ouellette Avenue, 8th Floor
Windsor, Ontario N9A 6T3
128
  
